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TOILET AUTOMATION SYSTEM

CHARUWAT TRONGSON
NARATE KRINGPET
PAISAN SITIYOPASAKRUN ADVISER
1997
ABSTRACT

In recent year , Toilet Automation System is going to be the importan in
our day life such as the toilet automation system which is used in famous hotels or many
entertainment place etc.Toilet Automation System is developed for facility security, and
saving the water budget and it is can make good environment to that place .

These project is the designing and development from old system to be
used with many area .The new system is circuit which is a co-operation between Micro-
controller and general hardwares . And the center of this co-operation is controlled by
Micro-controller MCS-51 in 2 duty :control supplying water and perform . The system is
divided into important main parts : central control , water and perform solenoid
driver,transmitter and receiver infrared , supply. the development of software made this
system being high performance and applied easily to used with many performance by

setting the appropriate parameter.
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usfin ( AD-A7) Tazdsaananann (e 0) fryryrnatiazuaniinlunne 2 afwieunsiiila
AR (1716 mmﬁmryﬁmm%ﬂ )

- PSEN( 11 29 ) f-izl'i’tﬁwm‘?;'l%q@'rurmma'[mﬂﬁwa"uﬁqzéﬂuﬁmga
47NAT Program Memory naeiuan ( widagaaaudnlssnn ROM , EPROM ) é’tytquﬁ%da
panan 2 afluusundulnde wsitmndatlunisanuann Intemal Program Memory fiag
Ly roueandini

-EA(1130) &ilauasdn * 0" Wnhilenilifgsusnannlu Program
Memory nuanimyintu wiitihgnilaudneaadn * 1 " Aazaullsunsunigludn

-RST (11 9) Wrdndfgaddnléisadietiedadn « 1 dhiland
wiatatlen 2 unsdulnAsTRyfazgnddnasine R awmefiovan

- XTAL1 (11 19) W wmiusiesaa? aseasnnisueniitediduduwm

flaudgasasaeataainas
- XTAL2 (11 18) 'l'h'ﬁiﬂn'?‘amamauﬂnhmzlﬁxﬂumvﬁgmmqqa?

2RATALALADT
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2.3 2499ARaATRY 8051

&

3 1V a -l
nssiedlagfaeiy 2 pluuude wuafeameluszaiananmauanasdl

UG

gUwuunissiedag 2.8

W

T e W Pr owww e mamo

e

XTAL2
QUARTZ L c
' MCS-51
CRYSTAL _L s
OR CERAMIC 57 OR CHNOS
RESONATOR a
S XTAL1
Vss
71\

717 2.8 (2 ) uamanead Clock Tazida MCS - 51

EXTERNAL
CLOCK

MCS-51
HMOS
.OR CHMOS

j

XTAL2

SIGNAL

EXTERNAL
CLOCK

=

XTAL1
Vss

A. HMOS OR CHMOS

MCS-51
HMOS
OR CHMOS

SIGNAL

XTAL2

XTAL1

=

Vss

B. HMOS Only

270251-12

270251-13
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MCS-51
HMOS
OR CHMOS
(NC) XTAL2
EXTERNAL
CLOCK XTAL1
SIGNAL Vs
S 270251-14
C. CMOS Only

511 2.8 (b ) 29asaF1aRaATes 8051TaNTstlausnaInmeuen

lumsinenuly 1 Ardaduasfuaanites 1 us 19w &0 INC A aflugnde
lus¥ 1 Cycle Instruction #eazfluaderlihvindy 12 qn latpSengniit uay 2 araglugag
S1 18 1 uaz S118 2 uazafangniin2 fazegludas S6P2 thias ( UsnAudadfigazRUN
FagmanaFauinty 10 MHz Aunfuaden 12 gniiasfiuausindl (1/12)12=1us Tnefifndn
1 wdulaAa Aa Sasmsinausous S1 aud S6* Fauanslugii 2.0

g1 210 ( a ) dhafuanntesdygrodadifeatunmaing uduressa
Program Memory 'T;ag'mﬂu@niﬁuryﬁryﬁxﬁﬁ‘lﬂlﬁﬁmﬁq Opcode "v"iﬂfgmﬂluﬁwm
Program Memory fila PSEN Seazuanfindiuan2 afely 1 widluda Tnefdynodild
futiayaann Program Memory az1diftycynas PSEN

71210 (b) qztﬂuﬁawafmmﬁ’turuﬂ,m‘/';ﬁqml-ﬁ’tﬁmil’mﬁunﬁﬁ‘dﬁui’w‘a
31n Data Memory e fyey1nd PSEN azdiifien 1 gninsnzdasuasidauinandlugouaa
lunzeuagaann Data Memory Taeldftyins Rd ( enaaqling dmsfisudoya
27N Program Memory azldftyqyrou PSEN uaznisgudiayaann Data Memory avldisay
fryeynnd RD Kaudtycyrod ALE ﬁﬂd’rurmm"f;'mum? Latch Address AO-A7 Tuias )
2.4 Mautinssianuaaviagalnd

wsmiataaudaidiy MSC-51Tagjsianriu 2 1lafe Program Memory
wazData Memory iv"qu‘]wmﬂmwﬁﬁﬁlﬁﬁu‘iﬂmnmﬁ"«quﬁzumﬂgl:mﬂluﬁﬁwmnqa
8051 ludauiitusia Program Memory fide ROM 1una 4 Alalusiuewusdduyes 8052

fifie ROM 1u» 8 Alalusf Data Memory himistaanudnfiasHifiudays
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amnnshlulaseaalnsaiaed MCS - 51 asinnunusasldandadusade s,

lulasmaatnsaisefinanuuazluudasArdeasinsinemadeanisinenmugl  neluus

PRI HeSheere % M mogm e il e T S ——m—

i e

SN e r— T

TN A o T

arAdennaduAdy 1, 2 Byte #1919arld 1, 2 Machine Cycle TunasvinausiaAngda

f :

.
+
1
]

S1|S2 | S3|s4|s5|s6| s1] s2|s3| s4{ 55/ S8 Ls1
0SsC P1P2{P1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2|P1 P2{P1 P2{P1 P2|P1 P2iP1 P2
(XTAL2)
ALE ] . = —~— ] L
: READ OPCODE. qean NEXT :
; OPCODE :
; (DISCARD). READ NEXT OPCODE AGAIN.,
.......... Ly :
__________ | s1]s2] s3]sa]ss][se DA ;
(A) 1-byte, 1-cycle instruction, e.g., INC A :
! — READ OPCODE. : :
; READ 2ND BYTE. . :
; ) : r READ NEXT OPCODE. !
: r 8 :
__________ | s1[s2]s3a]s4]ss[se 5
(B) 2-byte, 1-cycle instruction, e.g., ADD A, #data’ 5
; #:00 OLSPR : READ NEXT OPCODE AGA%N
; r READ NEXT | . s
' OPCODE (DISCARD). :

Rw[sa]sa]st[ss[ssjsx [s2 [s3 |s4 [s5 [se

|

(C) 1-byte, 2cycle instruction, e.g., INC DPTR.

OPCODEl(DlSCARO). , 1 NO ALE. l

READ OPCODE . '
(MOVX). :No READ NEXT OPCODE AGAIN.
READ NEXT '‘FETCH. NO FETCH.

Lsyﬂsz[ssls'ﬂsslsé s1]s2] s3] s4[ss]ss

(D) MOVX (}byxe. 2<ycle), LAODR

DATA J

ACCESS EXTERNAL MEMORY

-l o ' .
3U 2.9 dasnehauresusazdids
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(-(—-ONE MACHINE CYCLE ONE MACHINE CYCLE
31[sz}]sa]s‘t[ss]se‘a]sz[sa]sﬁss]ss

ALE

——

l

D
O

I
L I
| I
1 1
pcHour X | peHouT X | perour X IrcHout
T

@ﬁ@@@
+ t f ’

PCLOUT PCL OUT PCLOUT PCLO!
VALIO VALID VALID VAUgT

|
| I
t
|

P2 pCHOUT PCH

}
)T
(&)

3
3]
— &3] Ei_-__f

511 2.10 ( a ) uARUALIAIMSMEINTTMLaBAA

C‘YCLE.‘l S s CYCLE 2
‘s1[sz|&|54|sslsa al&[ss]s-&lss]ss'

i (__*.____
: Y=l
™ | ]
} . l I g
—— 4 — — 1
P2 PCHOUT‘ | PCHOUTX! DPH OUT OR P2 OQUT —X;| PCHOUT_—X¥|PCHOUT
]
{

!
o e g i '
= =y
| |
} + } |

ouT ADOR OUT
VALUD VALID PS‘;UOgT

ALE

P ] as - Y ' 3 .
ﬁﬂ'ﬂ 210(b) uﬁﬁiuﬂuﬂﬁl’)ﬁqn'ﬁ'ﬂﬁﬂﬂnﬂ“UQﬂﬂquqqn'\ﬂl‘!ﬂn.lun'l‘iﬂ'lu

annsnidsdayandhiuasindeysesnunldfadumisnaudimely uiAnastifies

A 128 lusfdnuniuluues 8051 use 256 lusfdwitiues 8051 lugauresmingnausnnns
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uanind 64 AlaludAslduanalugl 2.11 way 2.1 Wemndriinistdauramniceanuani

[ U v
melunuauds ssansafiasifismissacnudndnllgeanls 64 Koyte ity

FFFF
INTERNAL
T e ]
S
DIRECT Bi‘}rés
ADDRESSING EXTERNAL
80 | ONLY — AND—>
7F | DIRECT&
INDIRECT
00 | ADDRESSING || 0000

U7 2.11 Aamisganudrdmiy Data Memory Luaf 8051

¥

Tuunenfsenaazasdainfumisrasmiznnuirdiuiullsunsuuazad
Finumisiideutud Ryasfifatleinfndatumissranud Rl sunsand Bigrus sv
FumalFeanuuunenandeeanidhy 3 dou Aa

- MOV l4@ssiady RAM nelu
- MOvC 4#@msia Program Memory
TatiAn&s MOVX ax4nsie Data Memory nensandn Tnefiazszyinumia
HuFdainas DPTR anagaazutiadly 3 dou
1.53A95UWLIA ( Register Banks 0 - 3) s?uwiﬁmmm (00 -1FH)
aufludrutnsiRamafund (0 - 3 ) efiasuwiaiy 4 wvAar 8 lusizaaudald 32 Tus
fndfgiraegiuued 3 dagnfiinfazndulavinendiud 0 inauay SP azuFusd
Twsifidaumie O7H Fudt
2. ufvumirsanudiltmfludrafanisfienday / s
Wimaufiala ( Bit Addressable Area ) Rufisausiuamias ( 20H-7FH ) S1usw 16 Tudni'a
dmiudufinaglfivindu 128 fin Tefidumisdn 00, 01,02, 03,04, 05, 06 , 07 fiAe
Fumiamiataauddumia 20H F0R 0, 1,2,3, 4.5, 6, 7 snudasuidu §mnda
frasnsfiazlihdndn DO weasumis 20H fazFauiausdein SET 0OH .
3.uFtaumineanudr 1 daunialy( Scratch Pad Area Jasfifud

5 ' « : ] * o o o - v
saust (30H - 7FH ) anieudaynldislumvindiulisnunsldddafaafudnls §rdemia
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T

e

v
o s

d‘ o~ -4 | 4 o -l' d' o 1 d' -t
NAURANTTIINTLY HULBYRNUNAURA muulum?mzmwmmmﬂmLtmlums*mm £Y

Wsunsuazsiazsdsunn

FFFF ) FFFF
610K
BYTES
EXTERNAL 64 K
_ — OR—™> BYTES
1000. EXTERNAL
AND
OFFF : :
© 4KBYTES |
0000 L INTERNAL | s080

91 2.12 Famiaganudrdmiudaulisunsudwmiu Mcs-51

2.5 4aAAIuRY MCS - 51
grAderaslulasrealnniaedisyna MCS - 51 avilianun 256 Arde 3anns

s uesinud Wilunmeies assunsnassniiunsla 2 wuuAsnsiseeilanald
Tsunsuueaissiuansitn SXA-51 , Cross-16 , Cross-32 vay Insfiazdeadsultsunsuuds.
AuiAvlilu File Tﬂﬂs‘?ﬁﬂlﬁﬁmuaqmﬂmn ASM TaelilsunauiiazdRufiuenaasld s
wFaWordstar 1 ( Tlsunsw Editor thiea )

nmadeullsunsuneuedirnudld sigtdensn ( Mnemonic Code ) qay
Usenaudne Operation Code, Operand way Comment

- Operation Code ( Faauliunng ) avtsenaudqasasnss 2 fa 4 #

£n®7 194 MOV, MOVX , MOVC , ADD a4
- Operand ( Aagnaiiunig ) Lﬂwqwa"nmﬁqzl‘ﬁ’ummséﬂLﬁumﬁ;mq
suillugmidnomi’e 2 g dusidmndniu 2 gafecldmefusandand smungneuan ()
windnfiasnnenderes MCS - s1iifdsiindreruredlalastinasein
W fedusdasinaraudnla Instruction Addressins Mode wFannsazidaufinedayaly
WPT M Accumulater , Register misaaanadimelunazmauaniluduigy A #20H
e sulifugluuresnsuesaufaslii] MOVA, #20H AN e
20HI8llidnFSmnas A Tan@i A wnele Distination dau # 20H wunefe Sourc Tne

Source avatagn1132ilauas Distination ( Fayalaiame ) azagmiedneile
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Symbol Name Address
*ACC Accumulator OEOH
*B B Register OFOH
*PSW Program Status Word 0DOH
SP Stack Pointer 81H
DPTR Data Pointer 2 Bytes
DPL Low Byte 82H
DPH High Byte 83H
*PO Port 0 30H
*P1 Port 1 90H
*P2 Port 2 0AOH
*P3 Port 3 0BOH
*P Interrupt Priority Control 0B8H
*E Interrupt Enable Control 0A8H
TMOD Timer/Counter Mode Conirol 89H
*TCON Timer/Counter Control 88H
*+T2CON Timer/Counter 2 Control 0C8H
THO Timer 7 Counter 0 High Byte ‘8CH
TLO Timer/Counter 0 Low Byte 8AH
TH1 Timer/Counter 1 High Byte $DH
TL1 Timer/Counter 1 Low Byte 8BH
+TH2 Timer/Counter 2 High Byte 0CDH
+TL2 Timer/Counter 2 Low Byte 0CCH
+RCAP2H T/C 2 Capture Reg. 0CBH
+RCAP2L Byte 0CAH
*SCON T/C 2 Capture Reg. 98H
SBUF Byte 99H
PCON Serial Control 87H
Serial Data Buffer
Power Control

=

me 2.1 uemdgydnroifaussiumising gilag R e My
( Special Function Register )
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- Comment \fludquiazlfrenaanumnarasganiandaily lnaasionh

FoatiaT aanung ;"
nfuArd ez lilumadsullunsudiaarimmanmainnurssiolulasees

Inaiead MCS-51amnsnusield 5 ngalugjq il

[ -

- NANAIAINNNEBAN

. & -

- naNAEIMIAdinAang

o o’

- NANAIFIAUANEIALNMSYINNY
- nguARIMTUsTaaRnARYLLERAY ( Boolean )

e.-l

&

) 4
-

3
uananiidanimniBnindrtedeys (Addressing Mode) 4Rl

Direct Addressing (9 MOV A, 7FH
Indirect Addressing 1114 MOV A, @R1

Immediate Addressing (11 MOV A, #7FH

Register Addressing. 1914 MOV A, R7
2.6 Addressing Modes

iEansnTiazuiianTsiauees Addressing Mode aanifluutiisina s
Za
iife

- Immediate Addressing Mode ( Anaidintiediayalaens ) aufluAnda

a‘ o o 1 1 J ¢ \ i 1 .3 1
neanunsmnussinenssdsaclfind emung « # * Wuanvinduspafilildsumisrng

MUILANNNTU MOV A, # 20H
- Register Addressing Mode ( 38mafnfilsfayarinifismafiall) 7

1
LA

AawafildewAa RO, R1, R2...R7 latfitasarin Rn Tatsn n AR2ia1 0 c1, 20,7 W
194 111 MOV A, Rn fasianeinadials MOV A,RO MOV A, R1 MOV AR7

- Direct Addressing Mode ( Aanmaidnlissnumisdayalaenss ) auily
Ardaldiinddoyaiimuminemmsslaanminelduanasaiivds Op-Code aziiigtuuy
s ussiiae MOVA, 20H faumisfiazanunsadiieldie ( 00H - 7FH ) auau 128
lusluasfimsemnumieras SFR ‘fmgﬁwﬁw (80H - FFH) @alu SFR Aumis (OOH - 1FH )
Wusnumiseedaawmed (RO - R7 ) 881u9u 4 winAasildudifsauesdaeariniudiidoy
WWunanfulumsilandendaslfomuuedlmisiuuas  SRouss SR1ag@Famaes
PSW uazlun'\?ﬁqztnalmé’ﬂﬂi’ﬂqaﬁ'q 3 Tnustuazdeefinasld Direct . Immediate and

Register Addressing Modes
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- Indirect Addressing Mode ( nadintiadiayalaemieden ) 38nnstiadies

TYAUMILIINN RO Uz R1 1y Inesslddysdnmnd * @ » wniwidh Taafiasiiziuuy

b4
it

MiiAa MOV A, GRi (laed | AzgnUNY Gae 0 nia 1 Wit )

- External Data Moves ( h’ﬂumsmgﬂuﬁﬁﬂﬁﬂgaﬁuewdqwmﬂm'mf-w"'w
nnsiuen ) Lﬁmmnmoﬂﬁmuma'l.uﬁwmﬁmmmm'mﬁﬁﬂﬂ dladensreneminaay
lFunnTugegaadlXlaiiu 64 Alalusl AdefiaAluRnsiefumistasudnnieuaniniy
Adalugil MOVX , MOVC , MOVX azlifasiarit RAM siau MOVE axldfmsiaify ROM
{eend R sryuamasalalugag 00 - FFH windu ﬁaﬁuluuamLmaﬁigqndﬂﬁﬁqzﬁmﬁ’
s DPTRulufiaimuauesiasa DPTR anansasyyuanumsa iy (0000H - FFFFH )

- Code Momory Read - Only Data Moves ( n’mné‘aué’ﬂﬂi’aqamﬂmmgj
prnanlsunsuivfammef ) ﬁﬁLﬂum?mé‘ﬂuix’ﬂﬂiﬂgaszwi'muﬁ'zﬂm'mﬁﬁﬁuﬁmm'as‘
azlifnds MOV ua MOVX efheanndamistpanusnssnn RAM ‘-f«ﬂw?;tﬁm”m:ga'ﬁl'o
nﬂetﬂﬂ‘lﬂﬁui’ﬂuuaqxqmnﬁﬂ ﬁ'\aﬁ'm’fmgalu Table Fduiluluialiizunsuldon Suflufias
Frundaunannmieanudlsnaniions ( fayaazlhifimegumnedialidy ) mise
ndnlsznnilida ROM , EPROM “ae nadsufnedeyaanmisgranudnanas 1y
Uszinn ROM azldidnds MOV fimnudandnes * C » Shusivanaia Code Momory Thaes

- Push And Pop Opcodes ( #WaAn&s Push uaz PoP) s%aAnds Push and
Pop Ands Push aztirdayadnlalifiudeausia ( Sufldaunilaras Intemal RAM ) azifall¥ o
m'qumiqlmzqﬁ SP ( Stack Pointer ) ¥ayaszifiulios Aumis (SP+1) laimTloutunng
POP azisdaynaaninrian o fnumis SP ndvaniefayaasninudaasiiadlu (sp- 1)

- Data Exchanges ( mauanitldeudays ) mnefls mesdufayaliluns
I Source ua Distination mmamﬂﬁaui’agaluﬁmms‘ A fu et Ensineudadl
Fayalu Port ( Pin ) axgninunufiuds A uazdayalu A azasluesa Port Latch nsldiAada
Ech Auszlenflumafusluftanes A Wideuliseniddds PUSH Fayalu Port
( Pin ) azgniiuifiugs A uazdeyalu A azgnédlilda Port Latch mslddnde Ech 73l

Uselaafluniaiiudn it ames A Wil llesnldands PUSH
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2.7 nfuAAIMIRsInmand
1 L , (dvd 04 -l [ J v ]
nquAdImImssnAnanfifinainanaiiauty Boolean Operator d4lFur

AND, OR, XOR , NOT3efidsrlamilunasidemmouanadndinqziuuuinderes MCS-51

-l - - -1
LUaLVeEIL NU Boolean Operator NAY

Boolean Operator 8051 Mnemonic
AND ANL ( AND Logical )
OR ORL ( OR Logical )
XOR XRL ( Exclusive OR Logical )
NOT CPL ( Complement )

v
o~ & «

v
nsnsERInaeangNtsasiivnisldnuttinuarlus anvedelisvann

#9lun1g Rotate lédas
1. Byte-Level Logical Operations ( ninsenaneaananiiaslusnisia

3 - i L4 - .
- uwuuiEaEnadimdayaiiazsnfiunisléti 4 Addressing Mode

2. Bit-Level Logical Operations ( nnsnseiannelasnuuuiiaciisn ) ng
hdsfaznasipausmnsosnnndrlufigudeamisldl Timmer 0 Fuvnawsiiasies
11155 4 1 TCON ilusyduasan 1 (1ndin TRO Failuind 4 11 TCON ) e s
wnieiisnansodndeiaynsvauialifuaiifcniumisly SFR uaz Intemal RAMYN
Faumdainti

- Bit Address SAngaust ( 00H - 7FH ) 41uau 1280n ‘ﬁ'qqzmﬂﬂgjmﬂm
Internal RAM Lama2aiaus ( 20H - 2FH ) S7uau 16 Tusf (1 Tus® 8 On Aevu 16 lusfasd]
(8*16) =128 iim)

1im 00 azagRiin DO lumumia Byte Address i 20h
iin 01 avegiin D1 lusiwumis Byte Address iy 20h
{inn D2 Tusumida Byte Address winfu 20h

e,
=)

1in 03 ave

1im 08 azae#lin DO lusunue Byte Address iy 21h

el®,
=)

)

D1 lusinumie Byte Address ity 21h

e,
=)
]

Um 09 ave
A D2 lusinumia Byte Address winfiu 21h

o
b
]

{in 0A aza

i 7F azagniin D7 luAumia Byte Address winriu 2Fh

=L ﬁi.
£

)

1im 7E avagniln D6 lusumia Byte Address Wiy 2Fh

e

038309
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- SFR Bit Address ( uesumsadinlu SFR ) lun1sdmanamumisiinly SFR
fasnEaTden
fin 0E0 fimedm DO luFRawnaf A
fin 0OE1 fiAedin D1 WwiRamef A
in 0E7 finelin D7 lufasimnas A

<

1is OF0 AAelin DO luFaamas B
iim OF1 fidelin D1 uFRawmef B
fim OF7 Arelm D7 wiAanesd B
nefuraznafnluga MCS - 51dunwai 0 (PO ) wafvilll 8 Tn Ds 0 184
nafn 0 andaudtydnmadin P0.0 Wuiuedaaiu
-P1.2 finanaf 1 Iim 2 saumie Bit Address fiAa 92H
-P1.3 finanaf 1 Im 3 Aumia Bit Address fida 93H
2.8 NRUNNAGRMERT
nsinlalasreulnsanesi I umissafifiasdadlihfeadeetunsinuan
mendinmans Ardimepdnaanfaldly MCS - 51 Wusfiusselustamesnd amioe
AadTe 8 D Watfinsnann OFFH faznanenily 0oH
- DPTR lufRaimef 16 Dn idlaifin OVER FLOW fasilfzuann OFFH
i 000H TaefTidarinuuadn
1. Andtuseqlu 1 lui 1A ust (00H - OFFH)
2. A& INC DPTR fiAnda DEC DPTR azlsifflugnind
- Addition ( n1519n ) g;ﬂuuummn"ld"qn?:ﬁ']ﬁuﬁmms‘ A e A aufly
FuuradniTilanemns Address Modes %3 4 avgniinanldifudnds ADD H14
- unsigned and Signed Addition_( mmammwu’lﬁﬁmLﬂ?ﬂquu’lﬂuﬂzuun
w3 naang ) meﬁﬁﬁﬁ‘ﬁ'umqmﬁmmamfﬁu‘iﬂeunm.uas’mﬂi’ﬁqtmuuuﬁv’fma?awmﬂ
wi'elifies omanefld waulitinfasmnede wRiFuanienuelaifisnayy ( 00H-
FFH ) azfiAnuiniu ( 00 - 256 ) wuuguRy dqummuum‘im%‘mumm:ﬁfmqaqm (MSB)
Dhudnuananiaamane 1 @1 (00H - FFH ) asiiinyinty (-128 Da+127 ) 261982128 A
s D7 = 0 axdlpintia Aauan

{im D7 = 1 aziiAla Avau
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Tush) - Muttiple-Byte Signed Arithmetic( nnennWaridunspdindansuuuvane

ANGIRATBIALANGAS +32767D wia 7FFFH

ANgagATRIAIaLTiAD -32768DW7a 8000H awuaiiiAn Binarysail

+32767D0 = 01111111 11111111b = 7FFFH
+00000D = 00000000 00000000b = 0000H
-00001D = M1 11111111b = FFFFH
-32768D = 10000000 00000000b = 8000H

- Subtraction ( A8y ) Ardsauldimlaunuaduanasediandalduand

Idanndruanuuua Cary 7 ali usiddeliifaenisauwuuAa Borrow winilu  slatiares
v

Borrow azgnunudesdnus “ B * meauasianisldfaamas A vindu uasnadnfazfiulug

v 1

Jawmef A plunuAndsiiegianum 7 Addressing Mode #a C Flag avgnidn iilatinnstiudi
-~ - :’/ 1 L o o J -
uluila 7 (Fadadeandisasy) umenduiuasfiinuey ACavgnindlafinnsiiudndn 3

wazlunanduiuasgn? v

A%4 SUBB flnasie Flag Aall

H

CY = 1 Wainistuduagdn 7 uazlunanduiuasilu o

AC = 1 daiinstludundaiin 3 uarlunnanduriuasilu o

- Unsigned and Signed Subtraction (NMAULLLITNRZAMAT BMUNE WAL
- 4
LiAnas aanune )
- Unsigned Subtraction ( nnsavuuyli@dmasaamunn ) annisfildangs

SuBBiaanAlu C Flag luaudas widhlusunsuneflaifansfianunsawndeiidd tae

] »v
Ve Ml o e ]

Whnds Reset Bit nansiamwustianiuad sldfsedlefdmnnninfauindy

- Signed Subtraction ( MsaULLLAMAT ssmane ) lmsaLuLLTiazAna
\i aamng Lﬁﬂauﬁuué’quaﬁ'wﬁ’q:Lﬂm?xﬂé'fa:ﬁmﬂgﬂwﬂw -128 @ +127 windwilerei
Fauazsraudaudusiuan

- Multiplication and Division_lu MCS - 51qzﬁﬁﬁé’ﬁiﬁﬁﬁ;mﬁunwgmﬁu
namz InseinfuFaawmed A uaz B windu Multiplication n1smoaat 8 in 2 duawile
poaudanadndaclste 16 Gn  Ardelunisaoufie MUL AB Taanadns 8 tmaregniivldlug

Fames A uadng 8 TauvaniuliufRamad B
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2.9 JUMP AND CALL OPCODES
goAds Jumpludnmnisine wawuuiiFeulauas g anladaglunnaes
Andasioi]

- Jump on bit conditions

Compare byte and jump if mot equal

Decrement byte and jump if zero

Call a subroutine

Retum from a subroutine

Anda Jump and Call Program Range An&aas Jump use Call laéhfisn
uuﬂavifmq'lé’ﬁ'ufa"qLﬂuﬁ@zﬁaqldmuﬂmtmﬂ‘?‘;qznnimmﬁwlulu PC uae Auamiasaiinge
PC andililifiulu Stack Ands Jump 11 3 sUuuy Ae

- SIMP addr ( Short Jump ) aznszlamiuntinldlainuti2? e ud
IalaiAu 128 ot

- AUMP addr ( Absolute Jump ) aznseiamluldlvutaqe 2 Alalusl 128 s

- LUMP addr ( Long Jump ) aznselanls 64 flalus

- Relative Rang ( Tatsvaivduring ) m?ﬁf-\zmﬁam1ﬂﬁqﬁmmﬁq#1nﬂﬁ
e maiueamsaluidh PCTuas winmaznsyinauyy Relative#az 1438 nsldafidin
Ll PC uFaamAnlu PC addemnilaglugas (128D e +127D)

- Short Absolute Range_( svaissnafuinguyydaedy ) udaeiilunag
wionbanadresnifhuna (Page) aefiazutiadumnaray 256 s, 2 Alalusd 4 Al
lusfiildus PC 1 8051azuns 1 tnade 2 Alalud  widmnisudamianegusngs 64 fila
Tusfisrfnrieaz1s 32 1wa (3272 = 64 bytes ) gﬂuuun’qé"aﬁﬁ'a AJMP uay ACALL

- Long Absolute Range aziflunisutianiaeaenuania 64 Alaluslsaan

v
L4 L

ihunwaiBadelugasideild Long Absolute Rang avinWilsunsunszlanlyldnSrannn
fi1 6 Alalust
- Jumps msn?:‘imm'lﬂﬁqﬁquuﬂdmi&uuﬁqg‘ﬂuummmﬁia:m:‘tm‘lﬁ
2wy Ae wunfiFaule uarhifidewly
1. Bit Jumps Lﬂum?n?ztmmuuuﬁt&‘ﬂuhﬁm?ﬁ'mutmﬂqzﬁmmmwau

Wintin Carry Tu PSW wi'elimlalumistiannadatnesinumieh 8051 fmmals

] J )
2. Uncondition Jump n1s Jump uuvlsifidevlailed 4 suuy Ae
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2.1 JMP @ A+DPTR 11u @ A+DPTR

2.2 AMP add 141 AIMP Loop Ingfinumnisd Loop asesatlutas 2
Kbyte

2.3 LIMP add wiu LIMP Loop Tneififumisit Loop #esetlugasyas
#An 64 Kbyte

2.4 Call and Return ( n1ai§ enTusunsudasuasnisnszlnandy )
2.10 msinanazuazn1snszlnandyl (Interrupts and Return )

Msadaamae ( Interrupt ) ARaNmmgANTsiruTasilsunsufinngaia
q'mﬂg“fﬂ'nmzﬁzt?zmTﬂmn5‘;1m?ﬁum:*'%'wofﬂ"m‘[uﬁﬁmnwn?wj'ulﬁkﬁmm? Interrupt w1
AN 6 Unsy usillifies 5 Vector ﬁTaﬁﬁutmﬂ§§wﬁTf-l'1nwa§‘nwnmvﬁ'\amﬁmuazmﬁmxw
Vector fifuminAtaiufie uasimse 0023H WhlsunsaulduF nsfumesindazsiasdintie
#am Ands RET1
2.11 RN duRiag

Special Function Register (SFR) Lﬂuﬁmmafmﬁi’mﬂwﬁﬁsﬁﬂ e
urslilumbarudiniely (ntemal RAM) Saumis (80H-FFH) nsiasierysSamasly
SFR ﬁﬁﬂﬂﬁ'ﬂ’ﬁ«i’qﬁoi’wﬂmunmammvh'&yfu ( DirectAddressing Mode ) sauvuufinuay
lusifildidu fdfasnsTuand 21 nFames A anFeusdoldsed MoV A#1H wnd
dudeufeyadRanefadlud  franFoudeyadnfiasinacdacldfduizatunndgn

*

DameavidantesiRanaisine lu Srr gl

- Accumulator (ACC)fiagiinumis OEOhSwiufimnes 8 Dntazlduls:
UMHANNATIAAAATTY LN AU ADY M7 W78 Lﬂuwmshu'tumsl.ngﬂué’ﬂm’iﬁgﬂ

- B Register (B) agjfidiumia OFoh {ufamumes 8 ﬁmﬁl‘ij’ﬂ’ﬂ&@m EH
w15 suUTRsiAes A 11y MUL AB, DIV AE

- Program Status Word Tiaglusinumis 000h ufiawmes 8 9n wild
ywuiies 7 On 5 T uurand uszdn 2 s ulindenHamefiedidens 3 uuadde 7
WINA 0-3 ﬁutﬂoﬂﬂaztﬁﬂmﬁqgﬂ 2.13 luusiaviintas PSW ( Program Word Status ) 4¢3l
wirdimeiauiisnety edufifmmndaue 8 Tousfinsldanudiiies 7 Davindu &

uameanifenls
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(MSB) (LSB)

CY AC FO RS1 RSO ov - P

21 2.13 uaneTRamasnely Psw

meazigameluiiames PSW ( Program Word Status ) usiastnses
1. Camry Flag (CY ) fihilumaiuransanems auanAnnefsyiuln
2. Auxiliary Canry ( AC ) $ntisufluman C gaees dlunnsldsa BCD
3. Flag 0 ( FO ) fnwiiiihananidenialy
4. Reg Bank Selec 0 (RS 0) #winfilunadan 4 anasined 0 - 3
5. Reg Bank Selec 1 (RS 1) fwiilunadanidSanasius 0-3
6. Overflow (OV) siwiiilumsfunanianefing
7. - Wengtalal
8. Parity (P) ﬁ’mﬁﬁﬁtﬂuvn?ﬁlﬁi’aﬁuﬁmﬂﬂﬁqqmmﬁ
- Stack Pointer ( SP ) aglusivumis 081H luFMawmes 8 Tn aclds
‘n"ﬁ'lumwﬂmumﬂvgnn?qﬁgn? vimfazilAingy 07H azfiniu 1 umiaaslddnde CALL
U PUSH uavazamaafiavioAnds RET, RETI, POP way
- Data Pointer Register_ ag/lusiumia 82H uaz 83H Hlufames16 on
wiuflu 8 Ddnwuars fnuuiidad DPH uay DPLaefn';m’ﬂuuﬂq 83H uay 82Hm AR Al
Usrlimilunsuemassvesiamistiaaudrigy Por (0-3) agffifumis 80H, 90H , 0AH
0BH iluFasumas 8 ﬁmﬁlﬁlﬁu‘ﬁﬂqaﬁauﬁ'ﬁzdﬁﬂqawn?uﬂanlﬂ i aluiwnefiftediiy
"ﬁ'au"a'lwﬁqu'ﬁ'i*ua’:'ﬂqm%m SBUF azflag 2 sade dafuuavds wenfulunisiusedaya lu
aynsuil 4 nunsnaiude
1. Interrupt Priority Register ( IP ) agjfginumia WhuRameinuny
ffumINE Y I Bwaeing TaaneluresiRamns IPaxfinasineutesusiaDntising
iy WeusiariinaziuieaderiuRanes |E uardnmaslumsansazuandutonun

a9k 8 I
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(MSB)

(LSB)

PT2 PS PT1 PX1 PTO

PX0

i ° ] a
U 2.14 uanemhimeihnusewsssdsluiianed ip

ManzBeanaludRames IP (Interrup Priority ) luusiazis
1.X sauldlaildenu
2.X  aeuldlilden
3. PT2 MwuamanufAty 1298 umnefn Timer 2
4.PS  fnumanudAtyresdwnedin wefneynsy
5. PT1 fwummlnudAtyresdunaiin Timer 1
6. PX1 nmuarudnAty1e9dunafin nieauen 1
7. PTO MwumpanudnAty18981uaadn Timer 0

8. PX0 nmuar Nd1ATyIeeBumesin neuen 0

2. Interrupt Enable Register ( IE ) agjsinumida OAHITuF amai 4 lunis

nnmunlivinnug elsifinBuna e ( Enablew?a Disable ) Haunafniann 6 unda 5 Vector

va v & e

i damanslinefmeynsuindune Snslatsesdnis €S (On D4 u IE Yudauadal

SETB ES w7 aarinlilfeimaunsuiduneSnwsiisecldinds CLR ES

(MSB )

(LSB)

EA

ET2

ES

ET1

EX1

ETO

EX0

-l ) ° ) -
3% 2.15 ugnsmhimsyinurewsssinluisined I

muazBeanigluiRawmes IE (Interrup Enable ) Muusiasiin
1. EA simseygniuazlieygrfinfuneFnynaiia
2.X  avulilildew

3. ET2 vinmseygiuarhisugfnisdunefnann Timer 2

4.ES nmeeygfuazlisygyfindusefinain wefnaunsy
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5. ET1 vnnmeaygyrdusliaygfinisduneiain Timer 1
6. EX1 vinnnsaygauaslisygyrinisfunafinain aneuen 1
7. ETO YinmseygituasliaygnaniBusefnan Timer0
8. EX0 mseugrauacliaygfinisunefinain aneuen 0
3. Timer/Counter Control Register (TCON) ﬂgj.‘?;ﬁﬂumia ggHi\luiaa

waflilumugunisssudandsculnenisiney 2 Inum Aalu Ideal mode use Power

down mode uarglalfifin Baud Rate 111 1 i1 n7a 2 i Iaediniin SMOD

- SMOD = 0 AuL37 Baud Rate ifladednyaaynsauivum 1,2,3 azifly 1 wih

- SMOD = 0 At Baud Rate iflasedeynaunsulunm 1,23 anilu 2 i

(MSB)

(LSB)

TF1

TR1 TFO TRO IE1 iT1 IEO ITO

U7 2.16 wanawihimavihnurewsasdnlufiaaes TCON

muavidaanieluRawmes TCON ( Timer / Counter Control ) luusiasiin

1. TF1 {ulanefindunanaas Timer 1

2. TR1 dlulinaauaunisiuaes Timer 1

3. TFO ulawefindunanees Timer 0

4. TRO \ulinmaugunisfuses Timer 0

5. 1E1 lufinuamnisBunafing 1

6. IT1 (udapaugunisdusefinatauen 1

7.10 DulinuansnsBumeding o

8. IT0 \HullsmmuaunmsBusefinniauan 0

snfafRamete 3 ﬁqmmmmﬁ'qzuamem%ﬁﬂgjmulwmum'a:

Inrewsiarf aamasldarnisanilfismmunisimmussitewsiadin Junisisassinus

NN
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2.12 TIMER / COUNTER
lulasreulnsaiaafmssnn MCS-51 HsniRsmafriliaRiAsnidaustunsod

avdendenifomudulnfivafiiamilinefatnslnathmibidagiantu 2 fAdwfiuef o
uaz Waliuef 1 usiazinduuuy 16 fn Infinef 0 Ussnavdan TLO , THO Tnefilnsfiuef 1
dsznaudiae TL1, TH1 (lu MCS-51 wef 8052 , 8053 arilsaindfinafwau 282 lunis
fmuanasincusesindined 0 warlndiued 1 ndines 0 uay Anefiuef 1 Suazarwnsod
andenlifiniadu Indfiued wia rilinefadnlaatnmin nusnfiuedinluiRamafay
gnifisAnne urdulnAa (1/12 Aruiantes OSC) R ameazgniinAfiecnile et
naulasusauriensaduldanns 10, T1 agfiian 14 uaz 15 mudiy wdausiarthden
ansadanldlaainuadndin C/ T nfRamefduanty TMOD Timer/Counter Mode
Register ( TMOD ) a¢jlu SFR finumnieft (89H )
- \flafia TR, (14 TMOD ) gnimnsfinefns'ainntimesasis u RUNAsaid
1. Lijﬂﬂ'] INTO w74 INT1 (111248 13 ) qni’]ﬂuﬁhﬂ High
2. dleldAdadndn GATE 1u TCON uda

(MSB) (LSB)

GATE C/T M1 MO GATE C/T M1 MO

Uf 2.17 uamamiiimahirefEaned TMOD

Muavdaanieluiaames TMOD ( Timer / Counter Mode ) Tuusiasiin
1. Gate \ullmmauAN Gate NIMILANNITNIINTE Timer / Counter
2. ¢/ T hudafilddannnsinanaflu Timer / Counter
3. M0 , M1 iudimdeniuuaninineuees Timer / Counter
- TIMER MODE ( Timer Counter Register ) azifinfndu 1 afaqn adily
1 Machine Cycle ( 1/12 A28 OSC ) 'LuTmJmﬁﬁm?ﬂmnm‘lﬁ‘iﬂ?unmﬁm C/ T dauns
&% Counter 1§ atfunzeaunufi TRx , GATE , INTx ( Inefl x Ae 0, 1 ndulugud wunetls

1 o J o
41 channel 0, i 1 nuneta channel 1 ) Taeagdiasianizgn 1 7 C/ T axflunasin
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i ’ ' o . > :" © -t 1
it Counter wsinndnam 0 anflunsiranululuun Timer ANuUNMMNNA ey

fudnasanimtslulnuanisireuwuy s

osc -t s 12 ‘l/—
C/T=0
< "“ THI TF1  f—e INTERRUPT
1

~N0 T
Counter Citmi (581s) | (8 aits)
AN e
T1 PN

Timer

i LT SEST S

TR1

GATE

iNTT PIN

U 2.19 dalusunsalivierdluluum Timer

M3ALANNITININEFIN OSC TraND12 MHz gnmsdan 12 udsazinie
uA 1 MHz TemseriuAraniaanlu 1 Machine Cycle wed (14 1 Machine Cycle avmasldn

47U 12 MR CPU Osillater ) fauaedelddnduniniy Machine Cycle l#ilsiq

TEW e e g

ﬁzumqmﬁﬁzdﬁu1ﬁﬁﬁiﬂuﬁﬂﬁmﬁﬂ?unmﬁm C /T =0 lFaamaf TCON Asluzl Tnefisa
&yryroaitindluee Switch dadt 2 -T;ﬁﬂ'lﬂmuaué’qmmﬁm ANDgate twnnianiansinndi
f And gate ifunile Switch fiag On Widtyanurnudnluss Counterld sastugnas
Tlsunsuliiiin GATE Ty TMODu “0” lenviynaas OR-gate fawfly “1” dadrdunnaesd
51 AND gate Feiulumeuiigntin TRx iflu 1 fassinlé Switch #iaf 2 On BisAaiannissin
l WA software Start N1 Start Snuvuvilea Hardware Start Ineiazsiaanses iy oo
amnmeuanidinanfian INTx Pin mifilag 2 mAe 11 INTO uaz INT1 avaffsamam P3.2
| uay P3.3 @:ﬁﬁoﬁmmﬂm#qzmnszaj’ wiusnaily 1 Ingazdaant sudanauwindses

TRx = 1 uay GATEx = 1

o & ) 1 v ) -
W93l Timer Counter Register 1% 1 A% N7 1 Machine Cycle lng#ily

.4

Tmsildaslsunsald C/Tlef W T=0

o 4 o X
Timer mode_filuusnisineufiasiidldiily 4 uus gt

RTINSy —? s S R
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1. Timer (Mode 0) 13-bit timer Tﬂumﬁq:ﬁn'lﬁnggmwhﬁu 2"

osC «1Z

C/-f =0 o —
T ct=1 ; (5 Bits) | (8 Bits) TF1 INTERRUPT
CONTROL

411 2.20 Timer (Mode 0) 13-bit timer

2. Timer (Mode 1) 16-bit Timer Tuluusiinasinsauniiaulnun 0 us

sonefunfRamefidluuyy 16 s

T o i

T

C/T=0

N — e o Tu TH1

T | (8 Bits) | (s git) TR [T INTERRURT
I CONTROL

TR1 D_

GATE

INTT PIN

g7 2.21 Timer (Mode 1) 16 bit Timer



-30-

Tnasnlwimilanialane finaT

3. Timer (Mode 2) 8-bit Auto Reload lulnusilazld Faawmef TLO uie

TL1 doudnAnfiazivamdnanazdeadiulinewly THo wia TH1 Arazgrinamdn TLO, TL1

oscC - - 12
; gm0 [T T
5 T Mt ' i (8 Bits)-
{ CONTROL
—— e
TR1 RELOAD
GATE TH1
(8 Bits)

INTO PIN

g1l 2.22 Timer ( Mode 2) 8 Bit Timer Auto Reload

4 A ofF Y
Timer Wainalalafinadazdn® TFO 491 THO Yineuivus Counter

Tf1  —e— INTERRUPT

4. Timer (Mode 3) lulnuaiiazld TLO TusrenunslulvunCounter uax

TLO
(8 bits)

TFO

s INTERRUPT

THO
(8 buts)

_"J TFH

t———e— INTERRUPT

1/121o0sc 1
\E-O ﬁ/l_g .
t CT=1 |
CONTROL
TRO
i
Sarre
i
3
INTO PIN
¥
71210 e
/1210sC —] -
i r
CONTROL
" TR1

31 2.23 Timer ( Mode 3 )
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PR G ——

erdnginua Counter damsinaudouamalugyl 2.24

= 8 1im uax TLO = 5 U Tae TLO sul¥gegmiiiens 32, vimiu

Counter Mode #u#w183 Counter Mode azifaunaen T0, T1 49 nefn 3

115 4 uaz 15 5 ANAIRUTIRPITLYY 14 WAL 15 nadeniuusiassiestsunsadn C/ T =1
1. Counter (Mode 0) Winnalifa Counter aziildifle 13 fim As THO

2. Counter (Mode 1) 16 bit Counter ﬂm?‘/l'ﬂ\ﬂuﬁ'mﬁﬂu( Mode 0 ) 14
| ufl Counter w16 Tn TaewviadluTL1 = 8 fin AgegmaniLl#de (256 )(256 ) = 6553,,
3. Counter ( Mode 2 ) 8 bit Auto Reload. Inuanasld Counter T (W

Al 1ifes 8 dnnartnanstussludasivanda TH1 Wit nanasiuamd Idiies

} v 1 ¥
P pfudea Wetuasufianfinlenafinadinly TF1gnidn ndeamiusaly TH1 nazgniuas

W TL1 aineamludd

994 TLO iy Counter 8 1i

4. Counter ( Mode 3 ) 8 bit Counter  ulnuaind TFolUuunand

£
i
!

TR{ ————o—o—— )

GATE

INTT PIN

AafunmdnaTien INT1 dag

R T B ) T A AET m BT

~% 2\ L ™
ClT=1 ,' 15 8its) | (8 8us)
J CONTROL
1IN ———— .

gﬂ‘?‘l 2.24 fIM9YMeUL99 Counter Mode

TF1

H—— INTERRUPT

andansinilutnun Counter avfiudnamdiendentdin ¢/ T C =1
J o 04 - :" o
wielifineululuum Counter uaziinnnsfiauBunmdanmas T1 ansuasdaslusnnsian

- J o i o - o o
fininmiilumsarugunsiulufRawmes TCON lulin GATE fu TR1 uazasdesins
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TRl_

417 2.27 Counter 0 ( Mode 3 )

1 Cﬂ‘_o
N~ e L1 TH1 -
oo ! (56its) | @ Bits) TF1 INTERRUPT
I CONTROL
T1PIN v
i
Rt ———
! B
GATE
iNTT PIN
o}
g1 2.25 mevireuees Counter 1 (Mode 0)
LCfr: ) TL1
e
b : (@ Bits) TF INTERRUPT
] A B ol
RELOAD
B >
- TH1 -
GATE (8 Bits)
INTO PIN
} i °
i 51N 2.26 n19vieuERY Counter 1 (Mode 2)
Yoens
Counter {&h=0 l A LA e NTERRUPT
- Crr=1 h (8 bits)
[ 0PN —o 1 :
] CONTROL
TRO
GATE ﬁ——!»— . Ti{ncr
iNTO PIN /-
12tosc v (@ b TR INTERRUPT
!
CONTROL
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2.13 mslfnursinasnaynsy
. meﬁamwauaaunsu inanilumsfun? ededeyaludnriznguass

fmpsnaswildag'pednsud aﬂ'lﬂfmaum lnsfeansunyilsinazidaunnsinamannsite
arsuuuruuiuatinanan Lummn‘n'auuaumﬂaumﬂu'ms‘ﬂuﬁw‘a'aﬁmwﬁmﬂuﬁﬁzﬁm
'L"ﬁt.ﬁuﬁtyrmmmn%umm"ﬁmuﬁmmi’mgaﬁ’fm lualm::ﬁ'méﬁ'mwunnmmu&mzﬁm
nsidudyanaiesanamd asaduyiniy m"ui’ums’a"ﬂmsuummuﬁ'a‘lﬁmmxauﬁqzﬁﬁ
'lﬂ'lum?ﬁﬁaq?ﬁuqﬂnsrinqﬂuantﬁu?z znalnar mszarinlifwddasAnldsneun

- AMuFaraansiamstayaaynsy tﬁmmnlums‘#ﬂmmuuwnm
whunsfu / dedayaludnmonguunsdadiays ( Bit Stream ) Feduazdadlnuaulaly
nnisRansaniad ssnmeanidaluntsdy / safvantifludduuen Tﬁﬂf;'q”lﬂﬁnﬁ::?zu
nuaglumissrasdnulinrecieys melunamileduniiFenda Argnmuenaue
smsg e ilduri1 10, 150, 300, 1200, 2400, 4800, 9600, 19200 vamFeyarks 8 T
mndngndseanlifaednm 2400 vamazlioanlumsdedayavibsdndirinty 12400
w7'o 416usﬁqﬁutqmlumsdoi'mgm?a 8 infNAwL (8*416) w3'a 3328uS

- luvurmanmssatayasynas ‘lumedammgnmuunazia‘insﬁaﬁu
aslimaulasdaysmnuliifluaynsuney udidafudndauncagedanlyifnsds,

b3

- 4. } 2 $
 CHERERERIE T
- al L - " J 4 [ 1
1. TATuAY ( Start bit ) DaFuduiiuiafidwunisidtuen sy
3 L ] -n' } -‘A [l -~ -\' ‘n’/ [ - i
ATIRINUMNRANT spiurian Inenindayamurnudarrvasdms usuiuanuseiiadng
-l 0'
figmn
-~ 1 e d . . - -1 -‘
2. faugnsmazanaiiuiauguTaiad ( Party Bit ) Tstiacivinfily
"l' ¥ b 74 o'¢ o~ - § - A‘ e ©
mManamMsaasauAnNgnaasrasfeys e lilinanfendt Sawsa uarazinily

} - 1 -~ A’A‘ e O ] - nl ] ’ &~
WrevheDndayn Aresdaiduegiudmuoudeedaiiiy 1 feauividassdneneie

v

QA’ 2 . -J . (4 ' ¥
msnm?‘a (Even Parity) ns ami‘nﬁ(Odd Parity) slaaeinaiiugy uumnnanuiam"q 4

o
mmdﬁudm"mm'm:Jam:mmm'l?mﬂmmmummummm 1 Lﬂummnaqumm-nm

[
-l g

~af -
UanIg mvumtﬂu 0 ummm'}mmummmwumtﬂu 1 Lﬂmmmmumwmunm? AN_LT

1 4 -~ o
TAuilu 1 lum?mzwm?mﬁmaﬁ'qu tﬂun’]?ﬂﬂQN‘BUﬁ’m’lulJﬂﬂNﬂ’] 1 ﬂﬁ\ﬂlﬂqﬂﬂ@u

II

1’!?1111"!'/!\1”31”?’3”71\1”51?!’1? ] mumnﬂuxmmmuﬂ uamowauawwxmmuanmmum'm

mn‘lmﬂum'nmmuguammmmmsnmwmmm'ﬁﬂqammﬂuﬁu
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3. Ungame (Stop Bit)agavireiluliafiAnTuiessyfatewsanis

2/

L4 L [ L
sugmnsnguiindeyeiingadivail arunsafiacisunsudaléde 1 0n uas 2 O Sesunsd

}
rasnededagn 8 Tnwndrdeyagndsenntlifaednmds 2400 vamnanlaasanlunisgs
Foyavilelutasinndu (12416) uS wi'e 4.99ms
- MadsdayaaynTNYas 8051 wafmeynsntes 8051axiilasaticlu
nsinemiliuufiF andn Wamnand ( Full DuPlex ) ?{lumﬁ“umzda&’rauﬁawnmﬁﬂé‘lu
wauAtaiy lefinneduasassesiage (Transmitter) Usznaudaadayasanlinafmaynsy
Imdyeyrnd TxD ( wain 3.1 ) dauasasduiada ( Receiver ) Useneusae SBUFdY
Lﬁﬂcﬁuﬁmty'\mﬁagaﬂmm?’m:ﬁjn’j’qmquﬁymm RxD ( wafn 3.0 ) nafnaynsy
vasidlulne 80514du awsn Wsunsumainoldvaneinunsoety  enadeniitn
SMO uaziin SM1'71'ﬂglus‘foﬁmm'a§muqu SCON nsfnanuis 4 unrameineunsuiis
it
Tnaim 0 Wiudedays 8 Tn Tnanedsasideueentiostin Tnadsdin

7100 aanlunaunes RxD uarlaifinnsss start bit usiazds shift clock %1997 TxD AL,

7l 1/12 winffu CPU CLOCK

Inaua1lddmFuniaitauluuunUART(Universal Asnchronous
Receiver/Transmitter ) Tﬂﬂdmuuiﬂuﬂ 8 i 1 start bit waz1 stop bit waran unsaulden
wasimsmnuialumsdedeayald hﬂ@b’%ﬂﬂféﬁﬂﬂﬁ?ﬁ?ﬂﬁjﬂ SMOD 11 PCON uazamsnia
weflnadees Timer 1

Tnan 2. dwiumsdeusiesyunsuluuuy UART Inensldngu
fayauuut 1 dauazazAtminsnmacuialunssedaya ity 132 uar 1/64 e
fICPU CLOCK Tntusazhlsunsaiifin SMOD 1w PCON

Tuaim 3 Iﬁwﬁ"ur.%ﬂwiﬂménwuuu UART Taenisldnqudayau
i 11 dim uazmmﬁ‘nLﬂ#ﬂuuﬂmﬁ’ﬂmmwL?Q'Lum?dw‘iaqa'lﬁ enougiitn SMOD
useiidmlanefinadres Timer vanamniflubman 2 uacluluum 3 Sefinnsdiumsin
wuuﬁdmummmﬁwﬂi’ﬂ?z‘iﬂ'ﬁﬂum?&"'ams‘ifﬂuua TR il nasiaanlnlag
Wngaimefiang qianineuiulERTaF andaMutti Processor Mode Fauflunistinenild

winmnieusaniulumsdedieyalunszminiuiafinananuamnsolunisinng §u
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andlumsdszgninisldon luuuifesianilfiawnsaiiaviadadymredamany

Falumsdefayaredlularllnsamafsinonaniaidnetuld

2.14 msdurassus

meBueedils  Asmsiadanslusunsudhrnsuda i lusunsuusnng

Bwmafls ( Interrupt Service Routine ISR ) Sumaflifann Serial Port lidnazluduses

flflannesgand entsfusznszlanlifuemnea 0023H Asasideademnsed 2.2

NsRUARTIN AIUMUILDALA TS AnBAndaitmus AUMULAAATRYE
(INTERRUP ) msduneinini lunsdausia mMsBwme Snituun
IEO 0003H 1 4003H
TFO 000BH 2 4006H
IE1 0013H 3 4009H
TF1 001BH 4 400CH
Rt+T1 0023H 5 400FH
TF2 +EXF2 002BH 6 4012H

ANTIN 2.2 UAAILMLNNITRUIAR TSN

J . v » - o~ & :', -4 1 o o~ a‘a
ianrzafarfainldlifsnsindamsiaun iR esws Ui S ninsion

EA #iagjlu Interrupt Enable Register ( IE ) §18iaan1sfiaziinnas Enable nnsdumesffann

4 -3 [ -‘A o :’
gunsalialuufifeausliinitinracgnsaliaduly

ATNMINEIRIRYANEAl

E = Enable w78 Extemal

T = Timer

0,12 = Channel 0, Channel 1, Channel 2

At uwganavingluwsasiialu IE
EA 0 azflunstudwse s anynunss

1 sonliTinsBwna FUF Fanunld

ET2 0 fnudunasFldann Timer 2

1 nan B wnefAldann Timer 2
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ET1

ETO

EXO

0
1
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vudunreffldanneinaynsy

ann B wmefFdannamaynsy
nuBunasFilsann Timer 1

gan i Buneflfan Timer 1

% ndwmeFdndynyrnnieuenaisd 1
sanliidumeFlfandygyrnnieuentiing 1
fndwnasilsiann Timer 0
sanlivindumaiilfann Timer 0
WnBune i lfandyyrunieweneiia 0

eanliinBuse Ffandtygyrunieuaneiia 0

fuduneflfainniauentes MCS-51 ARe1n EXO uss EX1 S9asiing

4 . o o o % s -J
lumsznsaaaaufinn INTO uaz INT1 mangifuganluiadia Timer / Countertlsznaulneiily

- . . ; d . o
nmswnefFlinielures MCS-51 azgldansia Timer 0, Timer 1 Taaflasinnismsaaanyf

- - « iy o A‘
im TFO uaz TF1 uazlunsBumas®lsiann Serial Port a1 Taevinnnsmsqasey T1 uas 5

- v J A ¥ L4 i
finn R11% TneN11 INTO uae INT1 azsrunsafias el 2 windide

1. lendunalfaniium Extemal interrupt
2. waldiBuneflftacld Start Timer / Counter w3 8asi3 andnnasvin

Wuwy Hardware Start lunisdndavaraninsdumeflMmiusmanunsnfiasimussidy

anradAtyldann Interrupt Priority Register (P)

Aedinganuvinelundssialu (p)

PT2

PS

PT1-

PTO

PX0

0 Timer 2 fidAumaudrftysinga

1 Timer 2 §§1AUAINE ATy gags

0 was‘w#ﬂmmmmﬁéﬁumwﬁﬁﬁz’uﬁ;']qﬂ

1 mé’wgam?ﬂqnmﬁéﬂﬁumwiﬁﬁruzgwgm

0 Timer 1 fifnAumanugndtysingn

1 Timer 1 fifdupandnfitygeg

0 Timer 0 SidnFupanugtysngs

1 Timer 0 fifAuAT ATy gegn

0 Fumefhininuanila 0 HxlamanudrAnysingm
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I NStk e e

-

1 fusefRldneuenalin 0 falianudrAygege

b 9 o ol

dmniienly 1umsbifiadmndadinduaanadrdgeamrinty winde

4

'
-f

:'Jﬁtymﬂmmw%’auﬁ'm:ﬁmﬁmﬁumummw1mmmmm;ﬂﬁnumzmma‘zwmsis’m
damazees 8052 Tuniadandnmnizeaanismin ( Interrupt Type ) 'bj‘la‘n'ﬂgi'luﬁmmfas"ﬁl'ﬁ’
ravAunsEaae TS usiliaghiRamas TCON unu Aseauidensad
1. Timer/Counter Register ( TCON ) azagjlu SFR fuwiefl ( 088H ) 14
fenmateuiing Ae
- TFx Wiy Flag 784 Time 0,1
- TRx 1 Start Timer 0,1
- 1Ex Willwfiy Flag 8y IBuRaFUsinevenaiin 0,1
fia TF1 - finfuamamnislanafiiadeedindises 1 azindlelnfies
1 intanefiaduarasgniedefies Wedfgfhanslufsnsuus meduna s
fin TR1 - Tnmougunisiuredindined 1 mausNanTsunsaduiu 1
falnalisied 1 Funusiedmndudu 0 ifived 1 aswgaiina  ( nadiiseadndn
GAIE 11 TMOD riaw)
iin TFO - Druammanalavefiarasindives 0 gnidmiledindines o
FAintarrefinad idwdaariudu TF1
ln TRO - ihwdenfiy TR1 usildmouguinfines 0
s IE1 - fauasdygradunefflnmeuanvineas 1 Lﬁﬂﬁﬁmmﬂm
fandnunreduneffididnnien INTT unusdeifaenadiagldinds RETI ety
Tsunsugauuf nsdune U
fin 111 - SadendsunmnmenmaseudygroduneSUfmdnuniing
1 INT1 Defimndniiuladn 1 qzﬁﬂm?ﬂmﬁaaumml5ﬂuuﬂawawzﬁuﬁtyrmmmn 1
(i 0 Fan INTH azAmataUsTAuAudTadyiian INT1
T  wunede Timer/Counter w38 Type
R wunefis RUN
F wuneds Flag
E  wuiede External

1,0 wunefle Channel w78 Channel 1 119 l¥A191 x 9% TRx
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HIGH PRIORITY
1P REGISTER INTERRUPT
o—

.

INTERRUFT
L— POLLING

-</ SEQUENCE

77}? T/? j?

E;:::D—h-»—«/o—dfv '._v

A i
Janig 2
INOIVIDUAL GLCBAL LOW PRIORITY
ENABLES Disasze D INTERRUPT

g1l 2.28 eaniBEavessTULTRSIMazYae 8051

2.15 madinulilsunsuminsiaadmiu Mcs-51
Waunsulunanisiaanarliaudnilusgredaluanusieudunis Scand

79 Keyboard and Display w3'ag18u) aeiiluniamisaieanataas 9339 Loop saaunda
J . [ i v

fanafisanisT asiaacligunsalnan Timer sine) Tazflusunsumisanarasiidululy
YUY Loop Reauasuane Loop sindauriu

1. Tdsunsustaswmianasuuy Loop WaraldMameifaimunl4idy
o o . - ¥ v 9rom ad ' P } 1o e 1 O )
mantuuaANT usuuaa i Fanrnawmiludaionmasasey dbivivfugudliiinisend
asBnafninansoasevlmiaundrfis iR ame el dugudlunsdlofelsuns

[} [} o - (] J a e 1 4
tiagmiaansstuitasldAga RETURN ( RET ) 1@auaAm29819¥ 1

ar 1 d 1] J o H -« 1 ; *
ABEN 1 aseenuuullsunsumisananfiduiias Ineldfmawmas RO Wenwunsves
. o
;7 MCS-51 RUN % Speed 12 MHz

1 Machine Cycle a¥144u2u Clock = 12 gn asfuwaaviafy 1 us

: subroutine for Delay Time Machine Cycle
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DELAY: MOV RO,#01H ’ [1]
ELAY; DJN RO, DELAY1 2]
RET (2
NN = MOV RO0,#01H[1] + DINZ RO, DELAY1 [2] + RET 2]
(RO=01) (RO = 00)
MNU = 1]1+21+[2)
MU = [5]
7N = 5 Machine Cycle
MU = 5(1ul)
fivean = 5uS

aanfratraii1 &1 RO = 02H aywiasaatlilvinla
o . -4 r’ } 73
A% DINZ RO, DELAY1 azvin.2 p5s 1§ (2+2) Machine Cycle

Arde MOV RO, 1H avinafudtl 1 Machine Cycle
Anda RET sipfauAnald 2 Machine Cycle
uudaldl = 7 Machine Cycle

Miaan =7(1uS)=7uS

%1 RO = OFFH azuuasaanluinla

Aada MOV RO, OFFH W1 1 Asld [1] Machine
Ada DINZ RO, DELAY #1255 p%a 14 [2] 255 Machine
Arda RET %1 1 A% 1 [2] Machine Cycle
uudald = 1+(2)(255)+2

= 513 Machine
MR = 513 (1 uS)
I PRIE = 513 uS

&1 RO = 00H azmiraalilivinle
iles3n RO = OOH Luﬂanmawu\m:maﬂ FFH muumd’q DINZ
RO, DELAY LN 256 HN



W oy

ATH % UV TSP

S -

: T B e W RO I

-40-

U = [11 + [2][256] + [2]
794 = [515] Machine Cycle
f2MA0 = 515 (1 uS)
221941 = 515uS

faaenafl 5 annsiaatinefi4 6 MCS-51 % Speed 11.059 MHz asmisqaanuinla
- 1 Machine Cycle 1 CPU Clock winriu 12 gn
Tgniwaen = 1 usS

(11.059)10°

v
L A

MUY 515 Machine Cycle asingn = 515[1.085 uS] = 558.75 uS

2. Tdsungamisaaauuy 2 Loop  lunsfiavAAsanimisgllasan

a1 Loop luans Loop uen friamus RO indnuls Loop luuae 1 R1 vinenulu Loop wen

W asr ar [l

s o\ J
IR A AINUN L IR ARt 6

faaeafl 6 §1RO=03H, R1=02H sufsultlsunsumizaaaiianuslsin MCS-51
RUN 7 Speed 12 MHz @enulisunsuuasAuansaamunedils

.| v o« . v & o °
ﬂﬂuﬂuﬁ:ﬂﬂﬁl‘ﬂﬂutﬂ?uﬂmﬂﬂu LRIIUTUTIATUITY

et Subroutine Delay Time*™* +*

Machine Cycle

DELAY : MOV R1,#02H [1]
DEL2 : MQV RO,#03H (1]
DEL1 : DJNZ RO, DEL1 2]
DJNZ R1, DEL2 [2)
RET (2]

anflzunsuinndausiuan Machine Cycle munasinadfaaalilsunsy

MU = 1H{142424 2+ { 1424242+ 2)+2
MU = 1+{1+3(QQ)+21+{1+3(2)+2}+2
MU = 1+ {3+3(2Q+{3+3(2)}+2
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WU = 1H2B3+H32QH2. i, (1)
WFaawmaf RO o qafiou 3 seu

WunufRawmed R1 ou 9a¥iau 2 seu

394 = 1+R1+{3+R0(2)}+2
U = 3+RUS+RO)} v 2)
Wuni R1 = 03 aelugunis 2
F94 = 3+2{3+3(2)}
ety = 3+2(9)
9N = 21 Machine Cycle Famsatunasasluannazii 1 uamadngn

aqud Anfumauisniirgasannisi 2 1 Maeisie MCS-51 RUN fiAn Speed 12

MHz asmitananlulusunsuiivingu
sl = 21 (1uS) = 21uS

2.16 Indiuasladiuad 555
ledwaf ss5iilulndineslednidnraasaathafialuiuafia ( Monolithic

v
& o o

Integrated Circuits ) Fanneludlunsasineediu m‘lﬁmm’ﬁmaﬁfaxqmﬁumﬂLﬂu‘l’ﬂu
fanszilastanzuuy T0-99 il 8 1w sereanfusturianaiaimng (Plastic case )i
haiduwu DIP ( Dual Infine Package ) # 8 11 w38 14 9Al% IaefiuF smusniildvinda
Infineflediued 555 HldunuF Snanidnd ( Signetics ) Faftydnmal SE 555 uay NES55
viﬂm"l.v’n’ﬁu?ﬁﬂgw]nﬁmﬂﬂnmé'mmﬂ‘faii’tuaé'uazé’tyﬁ'nﬁtﬂﬁiﬂqjﬁu faagtdlumnse

- -

] 2 Lot
Walivmanilieddfiuf Sndudavanauf svndnlndiuesledteansn Ty

imafiuussylndiivedled 2 gregmalulefifesiadaadalldneuraiauenduuy DIP
- J (K] o, . [ 1 o
19 14 1uduFendalusidn maalndfived (dual timen Taelfiuefluidy s55atqdlsia
- e -~ ﬂx [ LA rE :
UF ¥ Teledyne Wn@maalnilinefladiuefisananua 8 lddeydnalinlnaidn Dsss
-‘ & ] - o - 1 H - -1
MNANFNT 2.3 aziudwT snguangoulngindsndinesladiueflean
1 2 sisdaeiide sliausnuunede ndfinesledwef 555 fimnnzazinlilden s
d’ -} s -~ o - - dl d‘ [ £’
nsgaliguantR g ufiiemuilandinanslisanieduiunvusssusuazanameiulures

aamlanvighl
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IS s st e

T N DM e NI Wi Dy STl s ST w— mmegay

o e v

FouFendudn dydnuaiuazuefild
Exar Integrated System XR - 555
Fairchild ' NE 555
Intersil , Inc . SE 555/ NE 555
Lithic Systems LC 555
Motorora MC 14555 / M 1555
National Semiconducter LM 555 /LM 555 C
Raytheon RM 555 / RC 555
Texas Instrumment SN 52555 / SN 72555
RCA CA 555/ CA555C

-l - e ) L .3
A9 2.3 wansudinsne gmiuguanlediuas 555

2.17 ansuzaeluraslafiuadiuad 555
malulniivefladiuefiisslssnausansuiameing 20 s uazldsn

Firumausn 15 souacldlalen 2 Fasilanaazlfouadliuds uius ndranlefiuefl
annzagniiansanifinetu Tneutisnenidudausinepdudauiivaniaouau ( function of
control ) uazdauns ninaf ( triggering ) daudl (evelsensing or comparison ) daufinantin
lunsmenlszq (discharge) uazdauaerndaiieninm ( Power Output ) RislwiinRtunns
Uiy
2.18 2sasazammindadlaisiaed ( Astable multivibrator )

e Aemgeuasudnnimirnursnsesandiatedloiwamefdefin

] 1 o : [ 4 H
\F'1n417993 Sguare - Wave Clock duirunsenevtwdilniiusfiuef 555 daviuamalily

293337 3.4
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PIN CONFIGURATIONS
FE, D, N Packages
OUTPUT FILTER
CAPACTTOR ¢ L] 8] outpuT
LOW-PASS FILTER
CaPACITOR 63 L] 7] Grouno
weur 3] a ELEMENTS 1
SUPPLY VOLTAGE v+ |4 | 5] Tuane ELEMENT R1
TOP VIEW
F Package

OUTPUTE @ GND
ca[2] 13] ne
NCE j_il NC
czE E’ R1C1

INPUTE E R1
NCE El NC
Vec| 7 E NC

TOP VIEW

g1l 2.29 unAMIFg a0 107 555

CONTROL,
VOLTAGE
THRESH- Lo 5
oLD
8 o
TRIGGER
Lo 2
DIS- =
CHARGE
7 o RESET
FUP FLOP Lo 4
L
oUTPUT
STAGE
b3 51

ouTPUT GND

417 2.30 Block Diagram w04¢lad 555
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?  CONTROL VOLTAGE

A4
VWA~

10—
TRIGGER

RESET

DISCHARGE qq3 b
GND[

DISCHARGE o—
CONTROL A
T = voLtage O —

TRIGGER O—

o

COMP =
S R FLIP 3 l
3 FLop | ouTPuT |— "o
) | ourpur
|
COMP |
|
5 R |
i '
______________ (=149
| 4 R4 + 2RgC
RESET

2 o &
3 2.32 uamersssaraniiadadlaiunined Fadseneuduainlefives 555
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-

MINULBINLS
! o o - .. . i
ngu 2,326 unu R, uay R, sty timing resistor iilansasly

Ausssuludaanunssdnetndsiaufudazg ¢ feiamiidy timing capacitor fasazax
tlszqrinusamandiumu R, uar R, uaraunsziniieusduiianasandisuiy ov asily
2997 Upper comparator NSy} mﬁwlﬁuvlé’au&fmgjmﬂlun"q‘lﬂiuax sillualy daifiulezq
C L?'umalﬂszamuﬁqmmﬁ’qumu R, unsdufinnasenss C fazamawandlefisuudady
1 91 3 dau 189 Voo uda9997 lower comparator wladfavgnnszduuasluf unmeiaanu
vensaslmidnafmiuay fafiusyy C Aavininlszquazaeszqaduiuliiagieadin
wuainWusedumnasansia C HAnszndng 2 1 3 183 Voo uas 1 1u 3 189 Vee muddy
n"lrTnsz"n‘Lmﬁvgmmqwﬂ:ﬁri'lgdwm::ﬁﬁq C snafiutlszqiedld ¢ Ae daaandl
i TAngnfigesaiu
T = 0693(R+R)C 7
uszAndanfianiynaciidsnlusniiise C

<]
Wi
vmsateleradednliy ¢, daq
- - sy e 9
e MiNMAndae
& T2 = 0693R,.C Jui
dransangmiunisaranuasnsateLlsqie
T = Ti+12.
0693 (R+2R)C Jw¥
dl J -2 ] 1% [ 4' | o :’r - o gm
1A T AR datasianundnreniaduilgnadu faluanuiitanindd

]

32
(]

-3
n

=

‘0
F = 1/ T(R+2R,)C 3w

uwsiazAnTed ( R+2R, ) uay C qxﬁﬁlﬁm'\uﬁ"ﬂmﬁ'a-ﬁtmﬁuwmﬁhﬂ iy
unzin * AddlmAs " gnilsnudnde é’mﬂd'Jumm&hmmﬁmﬁﬁvmﬁﬁnﬁmthﬁulmi'za
] uﬁqgnné‘w’qu:tﬁud'whmws’humwnm R, usz R, auilusianauun
mﬁqﬁy‘lmﬁpadﬁn#uam#ﬂu'ﬁ"né’aﬁ‘ﬁ-‘n}ﬁ n‘qﬁfiﬁmﬁaﬂq'} 50% azfntuldlunsdifidn R
Frgedn R, ann newiAedilssTemBinnluniseenuutnsasnezazdaminlé nstausen
R, uaz R, lulilaghesamialanfianfymaassasasiiaddeiignynaiigans

LA

1 S ot £ 74 J -ﬂ'd o~ ] « -l 3
ﬂﬂﬂa‘linmmnmmm?namma'nuanﬁmzﬂummmmmuqmuuuﬂqmsu

14

( Perfectly Symmetrical Sguare Wave ) fiansasinldlasnsiiudinasasniaungaudnlys
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wwniravsnAnamatieussinifiananufiod wilde lunsdiflidmaanu

o~ W

Auni R, uay R, auflwinlnifiany ﬂé‘uﬁnﬂwﬁﬂwﬁﬁztﬂunﬂuw RSN
Husuannzednanysaluutssewsiiidranuianaslindeni wilarsssndidafian
evinnaedlediues 555

2.19 LED Sunsusariiasgy

Ld ar i v J o 1 -
LED drdegenariiuasdasilndiueuuasdunsuss ( high power near

q

1 %

infrared emitting diode ) w7 2lalaafildeuaslutinulndR@dunsusmiiindageldgninan
' (4 < & 1 | - A’ :
Wunuda witlyfwsalfidiude  LEDwaflmiy sz @nEnmgatuusiazisnmgnay
o 1 J [ 1 : ] < 3 J
Usngsaseninagiiae  nistssgnaldamataniiiiaulanintesunsnlfiuunes
Aifiaussimeliaunuesld Tneudnnisfdeldndssnuussan LED Aigssenlunssny
o .' ] g i < [ A & -~ A- r‘
mqnegsaunuredld dngdiulignuasiazarfauusinduundadasiuuasenindmansa
W¥dudneras LED wvfmanniseduassnfindazgnaene Taeeaseaenataaieararnnsn
{ J [ AN 1 4 1 2 a'
Uszinnsssazinessndnanueivdng fatameng anenudusesinudsdiazutlenny
AANIRIULAIRAsasTiaunduNTses
s & d L]
2.20 LED rhasgen Wusstrulngdunaise
908512989 P-N 189 LED ifluunsainiiainneuneandaninn adeusnels
-l & 3 ] -l « - P 04 v - 1 S 4
imsAunudtsessieresunaildenenfisiug ( Gaas ) TeazinliinuastiulndBunssadi
Witalnmeudtuay 88 s siadidnmsew 100 M Wariandieuiy WulssAndnmesausu

i ) d : 1 ) J : 4 )
mirielidesiiAe uiglassadeulfitiscanntimeuiignidennainsaeseasiitigmia

7 N X
funvntm nIou
zNoULAY

U 2.33 Fudqudiaeamelunsaufimansonsfauussls
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d':uuﬁangnﬂﬁﬂrﬁ'u“/fnmumﬂaéumﬁﬁwlﬁlﬁﬂﬂsxﬁnﬁmwmﬁum?qq Jafianiidenndn
88 iwlafifusl Enmwﬁwmnwmﬁaimnsﬂmiaﬁgnanﬁu'lﬂ Inedalalomawardaiingg
umwmadfmwn? wum‘ln%ammauummnmﬁ umnqn ( Critical angle ) Nnna"wﬂu
ndvldslalaminlianmagouiBeduy ﬂruwﬂuwmumnqmﬂuﬁrymﬁ afnydsenis
wikdeBunelAFed]

smAidsTisasmainimingy 1 ( 1.0003 u‘jamtﬁﬂuﬁuqmtquﬁ )
anufifatinisininesanasite 242 uasusluanisd Gaas fAdaTinsininseauaainiy
35 Fufuileluamadieshifafafisataesnmsinmnnndungs AITNUANGINTIDISTT
snamzininiilinsusreuaiiisd unsliuiuans GaAs ilansznuifufafAnsiedy
2IMANMEUENIINNANGA16 89A1 MINYUANNIEVLTIsaEseIRRININNTN 16 Befn uav
ﬁxgnmﬁﬂuna"umﬁa%umﬁnﬂﬁmﬁﬂnﬁoﬂﬂn{]m?niwiuﬁx?ﬂndﬁ Usingmeniazviay
nfumMelu ( total internal reflection )
2.21 Teamnnalisugassuisaimeinveswaioguane’

FEviluiuasafndaduangansiie vAanthansiulalamduplrania
Wiussannlundefiosaesiaszudnieniduas GaAs Fasmauibiiiu 16 s Inndaiag
mmsnLﬁuﬂwaw‘ﬂ‘mwlﬁgandﬁ%ﬂﬂhmuuuuuuﬂuﬂfzmm 10 Win .msnanlalanuuy

o W

¥
t J » ]
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PERFUME _ TIME2
DETECT

WATER

PERFUME

IEO _INT

TFO _INT

TM _CHECKO:

T™M _ CHECK1:

T™ _ CHECK2:

T™ _ CHECK3:

EQU 10
EQU PO
EQU P1
EQU P2

ORG 000H ; RESET

AJMP RES

ORG O0O03H ; IEO

AJMP IEO_INT

ORG O000BH ; TFO

AJMP TFO_INT

ORG 0013H ; IE1

AJMP [E1 _INT

ORG 001BH ; TF1

AJMP TF1 _INT

ORG 0023H ; R1+T1

AJMP SERIAL_INT

ORG 002BH ; TF2+EXF2

AJMP TF2_EXF2 _INT

RET!

PUSH ACC

DINZ TM _WATER+0, TM _ CHECK1
SET8 P1.0

DINZ TM _ WATER+1, TM _ CHECK2
SETB P1.1

DJNZ TM _WATER+2, TM _ CHECK3
SETB P1.2

DINZ TM _WATER+3, TM _CHECK4
SETB P1.3
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T™M _ CHECK4:

T™M _ CHECKS:

™ _ CHECKE®:

T™M _CHECKT:

T™ _ CHECKOO:

T™M _ CHECKO1:

T™M _ CHECKO2:

T™M _ CHECKO3:

T™ _ CHECKO4:

™ _ CHECKOS:

T™ _ CHECKO®6:

DINZ T™ _ WATER+4, TM _ CHECK5
SETB P1.4
DINZ TM _WATER+5, TM _ CHECK6
SETB P1.5
DINZ TM _WATER+6, TM _CHECK?7
SETB P1.6
DJNZ TM _WATER+7, TM _CHECKO00
SETB  P1.7
DINZ T™M _ PERFUME+Q, TM _CHECKO01
SETB P20
CLR  STA _PERFUME.O
DJINZ TM _ PERFUME+1, TM _CHECKO02
SETB P2.1
CLR  STA _PERFUME.1
DJNZ TM _ PERFUME+2, TM _ CHECKO3
SETB P2.2
CLR STA _PERFUME.2
DINZ TM _ PERFUME.+3, TM _ CHECK04
SETB P23
CLR STA _PERFUME.3
DINZ TM _ PERFUME+4, TM _ CHECKO05
SET P24
CLR STA _ PERFUME.4
DJNZ TM _ PERFUME+5, TM _CHECKO06
SETB P25
CLR STA _ PERFUME.5
DINZ TM _ PERFUME+6, TM _CHECKO07
SETB P2.6
CLR STA _PERFUME.6
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T™M _ CHECKO7:

TIME _ SECOND:

TM _ CHECKO:

TM2 _ CHECK1:

TM2 _ CHECK2:

TM _ CHECK4:

T™ _ CHECKS:

DINZ TM _ PERFUME+7, TIME _ SECOND
SETB P27
CLR STA_PERFUMEY
DJNZ SECOND+0,TM _ CHECKEND
DINZ SECOND+1,TM _ CHECKEND
MOV SECOND+0, # SECONDL
MOV SECOND-+1,# SECONDH
MOV A, TM2_ PERFUME+0
JZ  TM2_ CHECK1
DINZ TM2 _ PERFUME+0, TM2 _ CHECK1
CLR P20
MOV TM _ PERFUME-0, # PERFUME _ TIME
MOV A, TM2 _ PERFUME+1
JZ  TM2_ CHECK2
DINZ TM2_ PERFUME+1, TM2 _ CHECK2
CLR P21 '
MOV TM _ PERFUME-+1,# PERFUME _TIME
MOV A, TM2 _ PERFUME+2
JZ  TM2_CHECK3
DINZ TM2 _ PERFUME+2, TM2 _ CHECK3
CLR P22
MOV TM _ PERFUME+2,# PERFUME _ TIME
MOV A, TM2 _ PERFUME+4
JZ  TM2_CHECK5
DINZ TM2 _ PERFUME+4, TM2 _ CHECKS
CLR P24
MOV TM _ PERFUME+4,# PERFUME _ TIME
MOV A, TM2 _ PERFUME+5
JZ  TM2 _CHECKS



T o e WEIER e Som e wn G vE o W e e 20 o

o e

F e it

exacere: i EOTEES O

. g e

TM2 _ CHECK®:

TM2 _ CHECKT:

TM _ CHECKEND:

IE1 _INT:
TF1 _INT:

SERIAL _INT:
TF _EXF2 _INT:

RESET1:

DJNZ TM2 _ PERFUME+5, TM2 _ CHECK6
CLR P25

MOV TM _ PERFUME+5, #PERFUME _ TIME
MOV A, TM2 _ PERFUME+6

JZ  TM2 _CHECK7

DJINZ TM2 _ PERFUME+6, TM2 _ CHECK7
CLR P2.6

MOV TM _ PERFUME+6,#PERFUME _ TIME
MOV A TM2 _ PERFUME+7

JZ  TM _ CHECKEND

DJNZ TM2 _ PERFUME+7, TM _ CHECKEND
CLR P27

MOV TM _ PERFUME+7 #PERFUME _ TIME
POP ACC

RETI

RETI

PUSH ACC

POP ACC

RETI

RETI

RETI
RETI
RESET........cooovi i,
MOV  R2,#040H ;POWER UP RELAY
MOV  R3,#000H
DINZ R3,S
DJINZ R2, RESET1
MOV  SP, #SYSSTACK +SET SYSTEM STACK
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Feerererere e ere srereeeerens SET TIMER/COUNTER.......cccooeiviieiccneeenn,

MOV TMOD, #011H ;G1, C/T, M1, MO, GO, C/T, M1, MO
MOV TCON, #0FOH ;TF1,TR1, TFO, TRO, IE1, IT1, IEO, ITO

bt e SET INTERRUPT........coveviviiiiieeeeee e

MOV

IE,#000H

‘EA, -, ET2 ES, ET1, EX1, ETO, EXO
AJMP SETUP

ITO ;ENABLE TRIGER INTERRUPT 0
EXO ;DISABLE EXTERNAL INTERRUPT 0
ETO  ;ENABLE TIMER 1 INTERRUPT
ET1  DISABLE TIMER 1 INTERRUPT
ES 'DISABLE SERIAL INTERRUPT
EA ;ENABLE INTERRUPT CONTROL
TRO  ;START TIMER 0

TR1 ;START TIMER 1

TM2 PERFUME+Q; #000H

TM2 PERFUME+1; #000H

TM2 PERFUME+2, #000H

TM2 PERFUME+3, #000H

TM2 PERFUME+4, #000H

TM2 PERFUME+5, #000H

TM2 PERFUME+6, #000H

TM2 PERFUME-+7, #000H

SECOND+0, #SECONDL

SECOND+1, #SECONDH

P1, #OFFH
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MOV P2, #0FFH

P, START OF MAIN PROGRAM

MOV
MOV
MOV
TEST2 MOV
MOV
XAL
MOV
MOV
MOV
CHECK _0: JNB
CLR
MOV
JB
SETB
MOV
CHECK _1: JNB
CLR
MOV
JB
SETB
MMOV
CHECK_2 : JNB
CLR
MOV
JB

A, PO

PO _OLD, A

PO _ NEW, A

A, PO

PO _ NEW, A

A PO_OLD

PO _ COMPARE, A

A, PO _ NEW

PO_OLD, A

PO _-COMPARE 0, CHECK 1
P1.0

™ _ WATER+0, #WATER _ TIME
STA_ PERFUME . 0, CHECK _1
STA _ PERFUME. 0

TM2 _ PERFUME-+0, #PERFUME _ TIME2

PO _ COMPARE.1, CHECK _2
P1.1

TM _ WATER+1, #WATER_TIME
STA_PERFUME . 1, CHECK_2
STA_PERFUME .1

TM2_PERFUME +1,# PERFUME_TIME2

PO_COMPARE . 2, CHECK_3
P1.2

TM_WATER + 2 #WATER_TME
STA_PERFUME . 2, CHECK_3

.....................
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CHECK_3:

CHECK_4:

CHECK_S:

CHACK_6:

CHECK_7:

SETB
MOV
JNB
CLR
MOV
JB
SETB
MOV
JNB
CLR
MOV
JB
SETB
MOV
JINB
CLR
MOV
JB
SETB
MOV
JNB
CLR
MOV
JB
SETB
MOV
JNB
CLR
MOV

STA_PERFUME . 2

TM2_PERFUME + 2 #PERFUME_TIME2-
PO _COMPARE.3, CHECK 4

P1.3

TM_WATER+3, #WATER_TIME

STA _ PERFUME.3, CHECK_4
STA_PERFUME.3

TM2_PERFUME+3, #PERFUME_TIME2
PO_COMPARE.4, CHACK_5

P1.4

TM_WATER+4, #WATER_TIME
STA_PERFUMEO4, CHECK_5
STA_PERFUME.4

TM2_PERFUME+4 #PERFUME_TIME2
COMPARE.5,CHAEK 6

P1.5

TM_WATER+5,#WATER_TIME
STA_PERFUME.5,CHACK_6
STA_PERFUME.5
TM2_PERFUME+5,#PERFUME_TIME2
PO_COMPARE.6,CHACK_7

P1.6

TM_WATER+8 #WATER _TIME
STA_PERFUME.6,CHECK_7
STA_PERFUME.6
TM2_PERFUME+6,#PERFUME_TIME2
PO_COMPARE.7,CHECK_8

P1.7

TM_WATER+7 #WATER_TIME
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JB  STA_PERFUME.7,CHECK_8

SETB STA_PERFUME.7
MOV TM2_PERFUME+7 #PERFUME_TIME2

CHECK_8: AJMP TEST2

END

nnnnnnnnnnnnnnnnnnnnn

END OF MAIN PROGRAM.............coeeeen.
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tel 80C51FA/83C51FA

EVENT-CONTROL CHMOS SINGLE-CHIP
8-BIT MICROCONTROLLER

Automotive
m Extended Automotive R Programmable Serial Channel with:
Temperature Range . — Framing Error Detection
{—40°C to +125°C Ambient) — Automatic Address Recognition
W High Performance CHMOS Process m TTL and CMOS Compatible Logic
m Three 16-Bit Timer/Counters Levels
—- Timer 2 is an Up/Down m 54K External Program Memory Space
Timer/Counter R 64K External Data Memory Space
M Programmable Sounter Array with: m MCS® 51 Microcontroller Fully
— nigh Speed Ouiput, Compatible Instruction Set
— Compare/Capture, j
— Pulse Width Modulator, 5 ® Power Saving ldle and Power Down
— Watchdog Timer Capabilities Modes
8K On-Chip ROM g M ONCE (On-Circuit Emulation) Mode
256 Bytes of On-Chip Data RAM M Available in PLCC and PDIP Packages.

(See Packaging Specification, Order #231369)

Boolean Processor A & I orT TS MH
32 Programmable 1/0 Lines . szizn: Sy £3nd 76 MHz

7 Interrupt Sources

MEMORY ORGANIZATION

PROGRAM MEMORY: Up to 8 Kbytes of the program memory can reside in the on-chip ROM, In addition the
device can address up to 64K of program memory external to the chip.

DATA MEMORY: This microcontroller has a 2% x 8 on-chip RAM. In addition it can address up to 64 Kbytes of
external data memory.

v

The Intel 80C51FA/83C51FA is a single-chip control oriented microcontroller which is fabricated on Intel's
CHMOS il (83C51FA) ROM technology. For the remainder of this datasheet references to the ROMiless
(80C51FA) and ROM (83C51FA) versions will be denoted as 83C51FA. Being a member of the MCS 51

microcontroller family, the 83C51FA uses the same powerful instruction set, has the same architecture, and is
pin-for-pin compatible with the existing MCS 51 microcontroller products. The 83C51FA is an enhanced
version of the 87C51. It's added features make it an even more powerful microcontroller for applications that
require Pulse Width Modulation, High Speed 170, and up/down counting capabilities such as brake and
traction control. It also has a more versatile serial channel that facilitates multi-processor communications.

NOTICE:
This datasheet contains information on products in full production. Specifications within this datasheet
are subject to change without notice. Verify with your local Intel sales office that you have the latest

datasheet before finalizing a design.

*Other brands and names are the property of their respective owners,
int ion in this ok is provided in connection with Intel products. Intel assumes no fiability wh L ding infring of any patent or
copyright, for sale and use of Intel products except as provided in Intal’'s Terms and Conditions of Sale for such products. intel retains the night to make
changes (o these specifications at any time, without notice. Microcomputer Products may have minor vartations to this spacification known as emata.

COPYRIGHT ® INTEL CORPORATION, 1995 February 1995 Order Number: 270501-007
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AUTOMOTIVE 80C51FA/83C51FA

PIN DESCRIPTIONS
Vee: Supply voltage:
Vgs: Circuit ground.

Port 0: Port 0 is an 8-bit, open drain, bidirectiona!
170 port. As an output port each pin can sink several
LS TTL inputs. Port 0 pins that have 1's written to
them float, and in that state can be used as high-im-
pedance inputs.

Port 0 is also the multiplexed low-order address and
data bus during accesses to external Program and
Data Memory. In this application it uses strong inter-
nal pullups when emitting1's, and can source and,
sink several LS TTL inputs.

Port 0 outputs the code bytes during program verifi-
cation. External pullup resistors are required during
program verification. -

Port 1: Port 1 is an 8-bit bidirectional 170 port with
internal pullups. The Port 1 output buffers can drive
LS TTL inputs. Port 1 pins that have 1's written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 1
pins that are externally pulled low will source current
(i, on the datasheet) because of the internal pull-
ups.

In addition, Port 1 serves the functions of the follow-
ing special features of the 83C51FA:

intgl.

f’ort Pin Alternate Function

P1.0 T2 (External Count input to Timer/
Counter 2)

Pi.1 T2EX (Timer/Counter 2 Capture/
Reload Trigger and Direction Control)

P1.2 ECI {(External Count Input to the PCA)

P1.3 CEX0 (External I/0 for Compare/
Capture Module 0)

P1.4 CEX1 (External 170 for Compare/
Capture Module 1)

P15 CEX2 (External 1/0 for Compare/
Capture Module 2)

P16 CEX3 (External 1/0 for Compare/
Capture Module 3)

P1.7 CEX4 (External I/0 for Compare/
Capture Module 4)

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with
internal pullups. The Port 2 output buffers can drive
LS TTL inputs. Port 2 pins that have 1's written to
them are pulled high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 2
pins that are externally pulled low will source current
(i, on the datasheet) because of the internal pull-
ups.

Port 2 emits the high-order address byte during
fetches from external Program Memory and during
accesses to external Data Memory that use 16-bit
addresses (MOVX @DPTR). In this application it
uses strong internal puliups when emitting 1's. Dur-
ing accesses to external Data Memory that use-8-bit

Pin (PDIP)
12/m1.000 1 N 40 Ve
LV IRY = P 35 [Dr0.0 (a00}
w/rialys 3efDre.1 (a01)
cexo/ri3] & 3713r0.2 (a02)
cxirrat]s ssf2r0s oy
eoxz/rist]s 35}370.4 (a04)
cexs/re}y 3a[ar0.s (a0s)
cxi/MI0 s 3310¢F0.6 (a08)
ResTT O e 3207 (a07)
(o) P30 o 0B =}y
{mo) P3O n oAt
(W) P32} 12 [ =1.30%
ONTT) P3.3CY s 283927 (At8)
(10) P3.4] ta 27[302.8 (a1}
(1) r3sld1s 2sPr2s (an3)
(w%) F3.6C] 18 23{JF2.4 [A12)
®5) r3.70] 17 242r2.3 (A1)
XTAL2 ] 12 23 (a10)
XTaL1 L] v 2210021 (a9)
vys O 20 D3P0 (a8)

270501-3 _

Diagrams are for pin reference only. Package sizes are not to scale.

Pad (PLCC)

Psg? 4 39 r0.e
r.eds 38{r0s
[dRd= ) 37[0r0n
RESTT ] 10 . 36[Dr0.
P30 tH=ln
RESCRVID T 12 BITSVA 34 D eeseaveo™*
[2 % e 3 330 s
P3.207 14 nRpEm
P3.3CY1S 3 r2s
Fla]rs 30fr2s
P3.5017 29{r2.8
18 19 20 2122 23 24 25 24 27 28
Uouoguoouoogogno
ensZ e ; bl
cQzgrgrend
" x z
S
8
¥
2705014

**Do not connect reserved pins.

Figure 3. Pin Connections
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EXPLANATION OF THE AC SYMBOLS FL; "30 é?\,level LOW, or ALE
Each timing symbol has 5 characters. The first char- Q: Output Data
acter is always a ‘T’ (stands for time). The other R: RD signal
characters, depending on their positions, stand for T: Time
the name of a signal or the logical status of that V: Valid
signal. The following is a list of all the characters and W: WR signal
what they stand for. X: No longer a valid logic leve!
Z: Float

A: Address

C: Clock For example,

D: Input Data N

H: Logic level HIGH TavLL = Time from Address Valid to ALE Low

I: Instruction (program memory contents) TupL = Time from ALE Low to PSEN Low

AC CHARACTERISTICS (Tp = —40°Cto +125°C, Voo = 5V +10%, Vgs = OV, Load Capacitance
for Port 0, ALE/PROG and PSEN = 100 pF. Load Capacitance for All Other Outputs= 80 pF)

EXTERNAL MEMORY CHARACTERISTICS

12 MHz Osclilator Variable Osclllator
Symbol Parameter Units
Min Max Min Max
1/TeLeL | Oscillator Frequency 3.5 16 MHz
TLHLL ALE Pulse Width 127 2ToLcL—40 ns
TaviL Address Valid to ALE Low 43 ToLeL—40 ns
TLLAX Address Hold After ALE Low 53 TeLcL—30 ns
Touv ALE Low to Valid Instruction In 224 4Tcic—110 | ns
TLpL ALE Low to PSEN Low 53 ToLoL—30 ns
TeLPH PSEN Pulse Width 205 3TolcL—45 ns
Teuv PSEN Low to Valid Instruction In 135 3Tewel—115| ns
Texix Input Instr Hold After PSENTrans 0 0 ns
Tpxiz | Input Instr Float After PSENTrans 59 Tocl—25 | ns
Taviv Address to Valid Instruction in 302 5Tetc—115| ns
Tpiaz | PSEN Low to Address Float 10 . 10 ns
Tary | RD Pulse Width 400 6TcLoL— 100 ns
Twiwx | WR Pulse Width 400 6TcLoL— 100 ns
Tripv | RD Low to Valid Data In 242 5TeloL—175| ns
Trupx | Data Hold After RD High —-10 ~-10 ns
Trypz | Data Float After RDHigh 107 2TocL—60 | ns
TiLov ALE Low to Valid Data In 507 8TcicL—160 ] ns
Tavov | Address Valid to Valid Data In 575 8Telcl—~175 | ns
TuwL | ALE Low to RD or WR Low 200 300 3TcLoL—50 | 8TooL+50 | ns
TavwL | Data Valid to WR Low 203 4Te oL —130 ns
Tavwx | Address Valid before WR Low 23 ToreL—50 ns
Twrax | Data Hold after WR High 33 TewoL—50 ns
TovwH | Data Valid to WE High 433 7TcLeL — 150 ns
TriAz RD Low to Address Float 0 0 ns
TwHid | D or WR High to ALE High . 43 123 ToeL—40 | TouoL+40 ns

-
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EXTERNAL PROGRAM MEMORY READ CYCLE

Tl —
ALE / \
Tuet f Trien
= Tavir == Tiyv —+ ‘
PSEN / N Teuv / \
1 Tpaz T
T, PXIZ
LLAX Toxix
PORT 0 )4 AQ-A7 —{ _msRiN K Ao-a7 =
Taviv
PORT 2 ), AB-A15 X AB-A1S

270501-12

IEXTERNAL DATA MEMORY READ CYCLE

ALE t \ { \ ’
t TLHLL —= TwHLH
] [—
PSEN e/
'-/ Tueov ~
Tiwe Trirn .
RD
g = TAVLL il \ c / T
t+— TrLOV — RHDZ
i — T — | e-Tet az Trupx
;| PoRTO 3 A0-A7 FROM RI OR DPL DATA IN XA0-A7 FROM PCL Y——(INSTR. IN
Tavin
: Tavov
E|  PORT2 X P2.0-P2.7 OR A8-A15 FROM DPH DX AB-A15 FROM PCH
E i 270501-13

EXTERNAL DATA MEMORY WRITE CYCLE

o T

ALE { \ { \ 4 /
TiHLL ~] TwHLH

e _/ .

. T TwLwn
K
E wR > Tave [ T \ /
VWX

— Tl 3 -+ - Twhax
\ Tavw
1| porto D—( rrou’Ni OF orL P\ DATA OUT 0 XA0-A7 FROM PCL Yo INSTR. IN
{ Tavwe
.| PorT2 X P2.0-P2.7 OR AB=A15 FROM DPH X A8-A15 FROM PCH

270501-14

e
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80C51FA/83C51FA PRODUCT
OPTIONS

Intel's extended and automotive temperature range
products are designed to meet the needs of those
applications whose operating requirements exceed
commercial standards.

With the commercial standard temperature range,
operational characteristics are guaranteed over the

AUTOMOTIVE 80C51FA/83C51FA

temperature range of 0°C to 70°C ambient. With the
extended temperature range option, operational
characteristics are guaranteed over the temperature
range of —40°C to +85°C ambient. For the automo-
tive temperature range option, operational charac-
teristics are guaranteed over the temperature range
of —40°C to +125°C ambient.

As shown in Figure 2 temperature, burn-in, and
package cptions are identified by a one- or two-letter
prefix to the part number.

A N 83 C51FA

*Example:

program memory.

b PROGRAM MEMORY OPTION:
0 = ROMLESS
3 = ROM

PACKAGE TYPE OPTION:
P =PLASTIC DIP, 40-PIN
N = PLASTIC, LEADED CHIP CARRIER (PLCC), 44-PIN e

TEMPERATURE OPTION:
SEE TABLE 1

ANB3C51FA indicates an automotive temperature range version of the 83C51FA in a PLCC package with 8 Kbyte ROM

270501-2

Figure 2. MCS® 51 Microcontroller Product Family Nomenclature

Table 1. Temperature Options

Temperature Temperature SO Burn-in
Classification Designation TEmpeTRLre Options
°C Ambient :
Extended T —40to +85 Standard
L —401to +85 Extended
Automotive A —40to +125 Standard
B —~40to +125 Extended

-t
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Philips Semiconductors Linear Products Product specification

Til‘;hel’ NE/SA/SE555/SE555C
I‘___
|

DESCIRIPTION PIN CONFIGURATIONS

The 559 monolithic timing circuit is a highly stable controller capable
of prodiicing accurate time delays, or oscillation. In the time delay
mode of operation, the time is precisely controlied by one external
reS|stor ‘and capacitor. For a stable operation as an oscillator, the
free running frequency and the duty cycle are both accurately
controlled with two external resistors and one capacitor. The circuit
may be trlggered and reset on falling waveforms, and the output
structure can source or sink up to 200mA.

£,

FEATEJRES

ano[ 1]
TRIGGER[ Z |
output[3]

RESET[ 4 |

D, N, FE Packages
———
%] vee

| 7] biscrarce

[ 6] THRESHOLD

[ 5] conTroL voLTAGE

F Package

® Tumn-pff time less th (-V_
. urn. Eth ime less than 2us ' - E E veo
® Max, Ec>perating frequency greater than 500kHz NG E—. E NC
® Timing trom microseconds to hours TRIGGER E E DISCHARGE
L Operétes in both astable and monostable modes OUTPUTE E NC
5 10
® High butput current ne ] THRESHOLD
o : RESET E 9| nc
® Adi
Adjuslable duty cycle ne[7] 8] controL voLTAGE
® TTL compatible
® Temperature stability of 0.005% per °C TCP VIEW
APPL!CATIONS
L4 Prem?lon timing
. Pu!sél generation
. Sequggntial timing .
3
® Time delay generation
® Pulse,width modulation
3
g.
ORDERING INFORMATION
§ DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Small Outline (SO) Package 010 +70°C NES55D 0174C
8-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NESS55N 0404B
8-Pin Plastic Dual In-Line Package (DIP) -40°C to +85°C SA555N 0404B
8-Pin Plastic Small Outline (SO) Package -40°C to +85°C SA555D 0174C
8-Pin Hermetic Ceramic Dual In-Line Package (CERDIP) -565°C to +125°C SE555CFE
8-Pin Plastic Dual In-Line Package (DIP) -55°C to +125°C SE555CN 0404B
14-Pin Plastic Dual In-Line Package (DIP) -565°C to +125°C SES555N 04058
8-Pin Hermetic Cerdip -55°C to +125°C SES5S5FE
14-Pin Ceramic Dual In-Line Package (CERDIP) 0to +70°C NE5S55F 0581B
14-Pin Ceramic Dual In-Line Package (CERDIP) -55°C to +125°C SES555F 0581B
14-Pin Ceramic Dual In-Line Package (CERDIP) -565°C to +125°C SE555CF 0581B

i
|
s
|
|
r
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1
BLOCK DIAGRAM )
| vee
. 8
: i
¥
[
3
1 CONTROL
VOLTAGE
THRESH- lo s
] OLD
6 O—H COMPARATOR
3
i TRIGGER
) COMPARATOR H-0 2
H
§
DIS- =
CHARGE
8 7 od RESET
. FLIP FLOP o 4
i
i
OUTPUT
STAGE
43 I
OUTPUT  GND
i
F
EQUJVALENT SCHEMATIC
M
?  CONTROL VOLTAGE
O
vVee
as
[ Q22
4
a1 ]
]
! THRESHOLD }_.OOUTPUT
]
3
)
b
:
o
| TRIGGER
i Q24
i RESET
DISCHARGE @14
i GND =
NOTE: Pin numbers are for 8-Pin package

P e

v v oen
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NE/SA/SE555/SE555C
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TYPICEAL PERFORMANCE CHARACTERISTICS

Delay Time
vs Temperature
1.015
w 1.010
=
-
S
1.005
3 R
o T———}
2 1.000 ——
E T
2 o995
@
[} R
=
. 0.990
0.985
50 25" 0 425 450 +75 +100+125
TEMPERATURE - °C
<,
Low Output Voltage
vs Qutput Sink Current
b T T
Ve =15V
Hh
1.0 g
-559C
4]
5
[o]
>
1
= 0.1 +25°C
p’
=] | +25°C
> | L 559C
0.01
10 20 50 10 20 50 100
ISINK - mA
Propagation Delay vs Voltage
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2 .
% 200 B
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Z 150 s P
L=
€ 100 —
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o ,< N 1
= o +70°C
8 50
+25°C
o I
0 0.1 02 0.3 0.4
LOWEST VOLTAGE LEVEL
OF TRIGGER PULSE - XV¢e

August B31, 1994

E Minimum Pulse Width Supply Current
Required for Triggering vs Supply Voltage
I 55; 10.0 I I ' T
w12 < 80 +1250C g2
2 E | ]
! > i
E 10 55°C . b +25°C ,
g & so0 1
w ¢ L~ 0°C | S i
37 = 3 A -ssec
a +25°C > 4.0 /.
3 5§ ﬁ oo =1 z 7 C
= - - Q\)’ 7
z ) ] 20.
=z 2 e +1259C T
] l ] ' | 0
3 0 0.1 0.2 0.3 <04(XVeg) 0 v 180
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i
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Timer , NE/SA/SE555/SE555C
]
E
TYPICAL APPLICATIONS
: vee
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4 RA 1 e 555 OR 1/2 556
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3 Astable Operation
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Torle decoder/phase-locked loop ~ NE/SE567

G

i

DESCRIPTION PIN CONFIGURATIONS
The NE/SE567 tone and frequency decoder is a highly stable F
phase-lotked loop with synchronous AM lock detection and power E, D, N Packages
output cnxrcunry Its primary function is to drive a load whenever a OUTPUT FILTER %] output
sustained frequency within its detection band is present at the L ov‘;i:‘;%“;?ggg
self-biased input. The bandwidth center frequency and output delay CAPACITQR €2 7] :m:’g”
are mdependently determined by means of four external INpUT [ 3] 16 ] ELEMENTS A1
components. SUPPLY VOLTAGE V+ | 4] 5] 'nume ELEMENT R1
'j TOP VIEW
FEAT H RES F Package
® Wide frequency range (.01Hz to 500kHz)
® High stability of center frequency OUTPUTE 1_—4_] GND
L Indep%'andenﬂy controliable bandwidth (up to 14%) c3 E Ej NC
® High dut-band signal and noise rejection NCE E NC
® Logiccompatible output with 100mA current sinking capability c2 E El RiC1
® Inherent immunity to false signals INPUTE 1__0] R1
o Frequiency adjustment over a 20-to-1 range with an external NC E \ El NC
resistor veel? E NC
® Militaly processing available -
; TOP VIEW ‘ /
APPLICATIONS ® Frequency monitoring and control
® Touch-Tone® decoding . ® Wireless intercom
® Carriér current remote controls ® Precision oscillator

L4 UItra%onic controls (remote TV, etc.) ! 4

L4 Comr;nunications paging

§
BLOCK DIAGRAM y
i )
! 4
Ry
'N\71UT o 3 PHASE 2.8 2

OSCILLATOR

DETECTOR
4
Ry ] Loop
CURRENT /‘ 7744
CONTROLLED % A

'IP-—)I——é

T e T n et R et 2

QUADRATURE o—-=| AMP
PHASE v
DETECTOR REF

{
;’%

T o ——
+
<

c3 ouTPUT S
J_ FLTER T

oToth-Tone Is a registered trademark of AT&T.

i
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Tor;e decoder/phase-locked loop NE/SE567

.
"
.
E

DC EL!ECTRICAL CHARACTERISTICS
V +=5.0Y; Ta=25°C, unless otherwise specified.

%Bgf_' PARAMETER TEST CONDITIONS SE567 NE567 UNIT
Min | Typ | Max [ Min | Typ | Max
Cente} frequency?
fo Highest center frequency 500 500 kHz
fo Center frequency stability? -55 to +125°C 35 +£140 35+140 ppm/~C
0to +70°C 35 160 35 +60 ppm/~C
fo Center frequency distribution fo = 100kHz = 1 -10 0 +10 -10 0 +10 %
1.1R,C;
fo Center frequency shift with supply { = 100kMz = 1 0.5 1 0.7 2 %V
voltage © 1.1R,C,
Detection bandwidth
' BW Largest detection bandwidth fo = 100kHz = ~ |:1z - 12 14 16 10 14 18 % of fg
BW Largest detection bandwidth skew 2 4 3 6 % of fo
BW Largest detection bandwidth— V=300mVpus 10.1 0.1 %/°C
variation with temperature
I [BW [Largest detection bandwidth— Vi=300mVpys ) 12 12 %N
variation with supply voltage
lnput{
Riy .| Input resistance 15 20 25 15 20 25 kQ
V) "| Smallest detectable input voltage* IL.=100mA, fi=fo 20 25 20 25 mVReus
Largest no-output input voltage? =100mA, fi=ig 10 15 10 15 . mVems
Greatest simultaneous out-band +6 +6 dB
signal-to-in-band signal ratio
; i [ Minimum input signal to wide-band By=140kHz -6 6 dB
‘ noise ratio
[ Outplut
Fastest on-off cycling rate fo/20 fo/20
' = | “1” output leakage current Vg=15V 0.01 25 0.01 25 pA
“0" output voltage I =30mA 0.2 04 0.2 04 Vv
: IL.=100mA 0.6 1.0 0.6 1.0 \
tr | Output fall time3 RL=50Q 30 30 ns
ta ., | Output rise time3 R =50Q 150 150 ns
General ’
Vee F Operating voltage range 4.75 8.0 4.75 9.0 A
. | Supply current quiescent 6 8 7 10 mA
" | Supply current—activated R =20kQ 11 13 12 15 mA
tpp ; | Quiescent power dissipation . 30 35 mW
NOTES:
1. Frequency determining resistor Ry should be between 2 and 20k
Apeblicable over 4.75V to 5.75V. See graphs for more detailed information.

2.
3. Piri8to Pin 1 feedback R, network selected to eliminate pulsing during turm-on and turn-off.
4. With Ry=130kq2 from Pin 1 to V+. See Figure 1.

|
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TYPICAEL PERFORMANCE CHARACTERISTICS

Bandwidth vs Input
Signal Amplitude

T
2
4
250 © el 2] %] ol &
2l B e| e| gf e Bfs
IR R RIERIERE
Z 200
L /
w
NN s
-
§ 50 / // A/ é/
: Lot | |
;poz 4 6 8 10 12 14 16
BANDWIDTH — % OF fg
E
! Typical Supply Current vs
b Supply Voltage
§
A NO LOAD
5‘ ¥ /| "ON CURRENT
15 g =
€ /
]
g 10 <1 24
=g
(&)

SUPPLY VOLTAGE — V

! Typical Frequency Drift
" With Temperature
i (Mean and SD)
15 T
E’ +V =475V
!1.0
05 =
2 1
I j 0 __:{‘::.\
3 2
bs 74
V4"
Y/
-10
}/
11.5 4
j -5 -25 0 25 75

TEMPERATURE —*C

128

LARGEST BANDWIDTH — % OF b

CYCLES

afo — %

Largest Detection bandwidth

vs Operating Frequency
15
10 A
5
o
0.1 1 10 100 1000
CENTER FREQUENCY — kHz
Greatest Number of Cycles
Before Output
1000
A
500 [
\w BANDWIDTH UIMITED BY
300 AN\, EXTERNAL RESISTOR |
\\ (MINIMUM cf)
100 N
% \
N
50 N
‘\ £
30 : \_|- "eanowiDTH
N LIMITED BY (Cp) ]
) N 111
1 5 10 50 100
BANDWIDTH — % OF f
Typical Frequency Drift
With Temperature
(Mean and SD)
1.5 T T
+Ve=575v
1.0
0.5
0 =
— ) NN
NN
-05
4 \
4
-1.0 —4 3
-15
~75 -25 0 25 75 125
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. 1C3 (Hz 1P

Detection bandwidth as a
Function of C; and C,
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N \\ N\
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Typical Output Volitage vs
Temperature
1.0
0.9
& 1L=100mA /" A
07 L
0.6 P
05
04
0.3 ] I =30mA
02 P —
0.1 ~
()
-75 25 0 25 75 125
TEMPERATURE — °C
Typical Frequency Drift
With Temperature
(Mean and SD)
55 —
2 ~ WV =7.0V(1)
25— \\\ +V = 9.0V (2) —
0 =t
M - : =4
-25 NN
a \\.\\ N
NEY
-5.0 3
N
7.5 M
-7 \
-10
-75 25 0 25 75 125
TEMPERATURE — °C

T o

—r



£
a
5

Philips S?miconductors Linear Products

Product specification

e

Tor}'e decoder/phase-locked loop

NE/SE567

Ea

H
. 130
C, T o .F
1
260
C, T—G_ .F

In caseg where turn-off time can be sacrificed to achieve fast
tum-on, the optional sensitivity adjustment circuit can be used to
move the quiescent C; voltage lower (closer to the threshoid
vonagef. However, sensitivity to beat frequencies, noise and
extranedus signals will be increased.

[

{

OPTIONAL CONTROLS (Figure 3)

The 567 has been designed so that, for most applications, no
extern ! adjustments are required. Certain applications, however,
will be greatly facilitated if full advantage is taken of the added
control possibilities available through the use of additional external
compohents. In the diagrams given, typical  ~

values are suggested where applicable. For best results the
nesiston:s used, except where noted, should have the same
temperature coefticient. ldeally, silicon diodes would be
Iow-res[istivity types, such as forward-biased transistor base-emitter
junctions. However, ordinary low-voltage diodes should be adequate

for most applications.

¢ 250
E 0.5k{ 0.9k | 1.4k | 1.9%| 2.5K] 3.2k| 4.0k
0200 -
I J / / // /
A NS YA
L T AT
L]
s LA |
H o
E E / VV/Z; ; 100k
R W7/ L
g /e 5
' % 2 4 6 8 10 12 14 18
E DETECTION BAND — % OF g
% V4
H Ra
Wy ~
B"C
[ R =Ry Ry R
‘ =3 Ca Rc
; OPTIONAL SILICON
DIODES FOR
TEMPERATURE
E COMPENSATION
] ? -
. NOTE:
130 10k R 1300 10k R
130 10k R c 1300 10k R
15 R 2 o R
é Adjust control for sy y of d ion band edges
about {0,
Figure 6. BW Reduction

L .

LU TN
e

SENSITIVITY ADJUSTMENT (Figure 3)

When operated as a very narrow-band detector (less than 8
percent), both C; and C3 are made quite large in order to improve
noise and out-band signal rejection. This will inevitably slow the
response time. lf, however, the output stage is biased closer to the
threshold level, the turn-on time can be

improved. This is accomplished by drawing additional current to
terminal 1. Under this condition, the 567 will also give an output for
lower-level signals (10mV or lower).

By adding current to terminal 1, the output stage is biased further
away from the threshold voltage. This is most useful when, to obtain
maximum operating speed, C, and C3 are made very small.
Normally, frequencies just outside the detection band could cause
false outputs under this condition. By desensitizing the output stage,
the out-band beat notes do not feed through to the output stage.
Since the input level must

Vs .

RL

UNLATCH

L™

20k

i
NOTE:

C prevents latch-up when power supply is tumed on.

Figure 7. Output Latching

“»
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:
i
|

Vs

i R

E 567 1 567 1

| L ) Ics R

DECREASE -7

P SENSITIVITY A Y

E

E Vs

. DECREASE

RA SENSITIVITY
E 567 1 —I‘wv» ,258'(
[ ok INCREASE
3 SENSITIVITY

. 1.0k

f SILICON
DIODES FOR
TEMPERATURE

] COMPENSATION
(OPTIONAL)

H Figure 3. Sensitivity Adjust

connected to pin 6 without affecting the CCO duty cycle or
tempeiature stability.

OPERATING PRECAUTIONS

A brief review of the following precautions will help the user achieve
the high level of performance of which-the 567 Is capable.

1. Operation in'the high input level mode (above 200mV) will free
the user from bandwidth variations due to changes in the in-band

signal amplitude. The input

sta% Is now limiting, however, so that out-band signals or high
nojse levels can cause an apparent bandwidth reduction as the
inband signal is suppressed. Also, the limiting action wil! create
in-band components from sub-harmonic signals, so the 567
be?.omes sensitive to signals at {5/3, fo/5, etc.

E

2. The 567 will lock onto signals near (2n+1) fo, and will give an
output for signals near (4n+1) fg where n=0, 1, 2, etc. Thus,
siq‘nals at 5fo and 9fg can cause an unwanted output. If such
signals are anticipated, they should be attenuated before
reaching the 567 input.

3. Maximum immunity from noise and out-band signals is afforded
in the low input level (below 200mVRgys) and reduced bandwidth
operating mode. However, decreased loop damping causes the .
wérst-case ock-up time to increase, as shown by the Greatest
Némber of Cycles Before Output vs Bandwidth graph. ’

4. Due to the high switching speeds (20ns) associated with 567
operation, care should be taken in lead routing. Lead lengths
sHould be kept to a minimum. The power supply should be
adequately bypassed close to the 567 with a 0.01F or greater
cdpacitor; grounding paths should be carefully chosen to avoid
ground loops and unwanted voltage variations. Another factor

ich must be considered is the effect of load energization on
the power supply. For example, an incandescent lamp typically
diaws 10 times rated current at tum-on. This can be somewhat
greater when the output stage is made less sensitive, rejection of
third harmonics or in-band harmonics (of lower frequency
signals) is also improved.

i

cause supply voltage fluctuations which could, for example, shift the
detection band of narrow-band systems sufficiently to cause
momentary loss of lock. The result is a low-frequency oscillation into
and out of lock. Such effects can be prevented by supplying heavy
load currents from a separate supply or increasing the supply filter
capacitor.

SPEED OF OPERATION

Minimum lock-up time is related to the natural frequency of the loop.
The lower it is, the longer becomes the turn-on transient. Thus,
maximum operating speed is obtained when Cj is at a minimum.
When the signal is first applied, the phase may be such as to initialty
drive the controlled oscillator away from the incoming frequency
rather than toward it. Under this condition, which is of course
unpredictable, the lock-up transient is at its worst and the theoretical
minimum lock-up time is not achievable. We must simply wait for the
transient to die out.

The following expressions give the values of C, and C3 which allow
highest operating speeds for various band center frequencies. The
minimum rate at which digital information may be detected without
information loss due to the tum-on transient or output chatter is
about 10 cycles per bit, corresponding to an information transfer rate

of fo/10 baud.
V+ V+ Ve v+
AL RL P 20070 1k
567 8 567 8 [
=
A R
Ct ‘SRt 1 L
E cs 10k
Re 567 8
°3:|: 10k
= S Rp
*OPTIONAL - PERMITS % i °

LOWER VALUE OF C¢ ER

Figure 4. Chatter Prevention

R
567 2 567 2

Ca R
C2
LOWERS 1o RAISES 1o

Ve
LOWERS 1o
Rp
o 3
50k
C2
RAISES 1o Rc RAISESTg
1.0k
SILICON
DIODES FOR
TEMPERATURE
COMPENSATION
(OPTIONAL)

Figure 5. Skew Adjust
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TYPICAL APPLICATIONS (Continued)

Ry

Rt 567

_I-—l:_'l:_80° 7 s T 2 6 5
0 O— JLL

Ve
TERMINAL

2 : LI 2
CONNECT PIN 3 ) o1 to (£6%)
70 2.8 TO Ry RL > 10000

3 6567

,..,”,j N e ——

0
INVERT OUTPUT
>
T Rq RL > 1000Q

I
Cz2
T~ €L

liew
||H
Ry

TR AR,

4

Oscillator With Quadrature Output Oscillator Wntg Bt:l‘:ltnle Frequency Precision gfvcl:t:‘l:lﬁlt:; With 20ns

= —— o T
+

667
RL 6 5
567 g RL OUTPUT
—o
v L s ¢ UL 867 5 |
] | | ] | d S 1kQ (MIN)
3 8 5 1
E 10kQ

veo O—* ’

TERMINAL

(46%) Rq

) __T
C2 7 cy e

Ci = g%}fe
2 ADJUST

Hel
IIH

|

1l lama

j

Precision Oscillator to Switch 100mA

Loads Pulse Generator

Pu;se Generator With 25% Duty Cycle

oo
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TYPICAL APPLICATIONS (Continued)

N +5TO 15V
80Hz AC LINE 50-200Vgs I
LOAD
C4
27pF
}— 587 8| Ky
S00pF 1

-——=—==0

AUDIO OUT
(IF INPUT IS
FREQUENCY
MODULATED)

||H}—n—u

l

Carrier-Current Remote Control or intercom

|
E W
]

20k

14 a

2

; )

wpPur O >| *

CHANNEL cy ¢

OR RECEIVER

; N\ D
3
5

12

L

—
Q
o

Dual-Tone Decoder

NOTES:
1. Flcsletofand capacitor values chosen for desired fi q

@y e o e T T SRS - e o

and bandwidth.

VO

2.1t C3is made large so as 10 delay tum-on of the lop 567, decoding of sequential (f4 12) tones is possible.

Ry 567

5741

Precision VLF
+V
o]
—13 567 8
5 6 2 1

INPUT SIGNAL
(>1 oornVrms)

S J

—3 567 8
5 6.2 1
Rt J Cy =C, = T (mid)
€y =C
. Ry = 112R,
=T
24% Bandwidth Tone Decoder
100mv (pp
SQUAR(E(;RO—)[——
50mVRMS 3
SINE INPUT
NOTES: ll
Ro=R4¢/5 - T

Adjust Rq so that ¢ = 90° with control midway.

0° to 180° Phase Shifter

w o omew ey





